(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
3 April 2003 (03.04.2003) 




PCT 



IIIIIIIM^ 

(10) International Publication Number 

WO 03/027634 A2 



(51) 
(21) 
(22) 

(25) 
(26) 
(30) 

(-71) 



International Patent Classification 7 : GOIN 
International Application Number: PCT/US02/30249 



International Filing Date: 

23 September 2002 (23.09.2002) 



Filing Language: 
Publication Language: 



English 
English 



Priority Data: 

09/965,201 25 September 2001 (25 .09.2001) US 

Applicant (for all designated States except US): AXIOM 
BIOTECHNOLOGIES, INC- [US/US]; 3595 John Hop- 
kins Court, San Diego, CA 92121 (US). 

Inventors; and 

Inventors/Applicants (for US only): BROWN, Steven, 

JT. [US/US]; 4737 Mt. Almagosa Drive, San Diego, CA 



92111 (US). DUNNINGTON, Da mien, jr. [GB/US]; 
12588 Carmel Creek Road, Apt. 32, San Diego, CA 92130 
(US). CLARK, Imran [US/US]; 4249 Nobel Drive #20, 
San Diego, CA 92122 (US). 

(74) Agent: HUNT, £>ale, C; Knobbe, Martens, Olson & Bear, 
LLP, 2040 Main Street, 14th Floor, Irvine, CA 92614 (US). 

(81) Designated States (national)-. AE, AG, AL, AM, AT (util- 
ity model), AT, ATJ, AZ, B A, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util- 
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE 
(utility model), EE, ES, FT (utility model), FT, GB, GD, GE, 
GIL GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, OM, PIT, PL, FT, RO, RU, SD, 
SE, SG, SI, SK (utility model), SK, SL, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional)'. ARIPO patent (GH, GM, 
KE, LS, MW, MZ SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 

[ Continued on next page ] 



(54) Title: IDENTIFICATION OF MODULATORY MOLECULES USING INDUCIBLE PROMOTERS 



KCNC1 cDNA 



O 




(57) Abstract: Methods for identifying an ion channel 
modulator, a target membrane receptor modulator 
molecule, and other modulatory molecules are disclosed, 
as well as cells and vectors for use in those methods. 
A polynucleotide encoding target is provided in a cell 
under control of an inducible promoter, and candidate 
modulatory molecules are contacted with the cell after 
induction of the promoter to ascertain whether a change 
in a measurable physiological parameter occurs as a result 
of the candidate modulatory molecule. 



WO 03/027634 A2 IMHMIWIIIIIIMNMIIIIIIMHMB 



European patent (AT, BE, BG, CI I, CY, CZ, DE, DK, EE, 
ES, FT, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, 1VTR, NE, SN, TO, TG). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



Published: 

-without international search report and to be republished 

upon receipt of that report 



WO 03/0 27634 



PCT/US02/30249 



IDENTIFICATION OF MODULATORY MOLECULES 
USING INDUCIBLE PROMOTERS 

Technical Field 

3 The present invention relates generally to trie technical fields of molecular biology and drug 

discovery, TVlore specifically, the invention relates to the method of identifying a drug target 
modulator using an inducible vector. 

Background of the Invention 
Advances in molecular biology have increased the efficiency of gene isolation and 
lO sequencing. Additionally, the availability of known sequences and sequence alignment programs 
allow comparisons to be made leading to the identification of motifs that are conserved between 
members of the same family or similar classes. This allows genes to be assigned to particular target 
families, such as G-protein coupled receptors or ion channels. However, in the case of receptors, 
sequence information of the target does not provide the identity of the receptor's native ligand or 

15 that ligand* s biological function. For example, single transmembrane membrane receptors contain a 
cysteine rich domain, followed by an alpha helix motif, followed by a tyrosine kinase domain. This 
may suggest that the sequence is a receptor, whereby the cysteine rich domain is involved in ligand 
binding, the alpha helix traverses the membrane, and the tyrosine kinase domain is involved in 
cellular signaling. Unfortunately, sequencing an unknown receptor's ligand binding domain does 

20 not provide sufficient information that would easily lead to the identity of the ligand. Similar 
problems occur when searching for the function of ion channels, enzymes, transporters, 
transcription factors, nuclear receptors, chaperone proteins and other regulatory molecules within 
the cell. Consequently, experiments must be designed and performed to identify the sequence's 
function and modulatory compounds. 

25 Controlled expression of the target sequence is necessary to identify modulatory 

compounds because constitutive expression often leads to over expression of the protein. This is 
frequently toxic to the cell or can cause down-regulation of the target by stimulation of 
internalization and degradation processes. However gene expression is difficult to control in terms 
of both the level and time course of target expression. Current expression vectors are usually 

30 designed to maximize expression levels, and therefore yield cells that continuously express the 
target. Alternatively, techniques such as transient trans fecti on reduce the target's duration of 
expression, but these techniques often lead to heterogeneous expression among replicate samples, 
are labor-intensive, and may damage the cells or alter their function due to the need to penetrate the 
membrane to deliver exogenous genes, making data difficult to collect and analyze. 

35 The activity of a compound against a target of interest is determined by a variety of 

techniques. Some examples include randomly screening the compound against cells transfected 
with the target, testing compounds in cells where the target has been mutated to express the protein 
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in its active state, and binding studies between a compound and an isolated form of the target. 
However each has problems associated with the technique. 

Random screening of transfected cells requires a number of* assumptions that often may not 
be tested. It requires the target protein be properly expressed, correctly localized within the cell, 
5 functionally coupled to a signaling mechanism, and expressed stably throughout the duration of the 
testing process. However, when the function of the target is unknown, these requirements can not 
be tested. 

When the target is a membrane protein such as a O -protein coupled receptor ("GPCR"), it 
may be mutated such that the protein is expressed in its activated form. Since ligand binding of the 

lO mutated protein frequently causes a drop in activity, an assay that detects a drop in activation 
suggests the compound binds the target. However, since this technique identifies compounds which 
bind to a mutated protein, the compounds may not possess the same affinity or avidity for a native 
protein. In addition, this technique is not available when information regarding the design of an 
activated receptor is unavailable, such as the active form, of ion channels. 

15 Another frequently used technique to identify modulators is to perform competitive binding 

assays. However, competitive binding assays require a native ligand to assay the compound, and as 
previously discussed they are frequently unknown . 

Lastly, assays that directly measure binding interactions using purified proteins allow the 
measurement of interactions between compounds and targets. Examples of direct binding assays 

20 are surface plasmon resonance spectroscopy, thermal denaturation profiling, and multipole coupling 
spectroscopy. However, these techniques only detect binding and are not functional assays. They 
do not distinguish between agonists, antagonists, or n on- functional interactions. ^Moreover, when 
the targets are membrane proteins in their native form, purification is not always possible. When a 
purified form is unavailable, interaction among other molecules in the preparation may lead to false 

25 positives or false negatives in the assay. 

Therefore there is a need for methods to assay the effects of compounds on the function of 
biological targets. Specifically, there is a need for an assay that allows control of the expression of 
the target sequence, identifies target expressing cells, expresses the target in its native form, can 
distinguish between agonists, antagonists, and nonfunctional interactions and may be performed 

30 within the cellular environment. 

Brief Description of the Fi gures 
Figure 1 is an illustration of the inducible expression vector comprising a tetracycline 
inducible promoter, a pcDNA4/TO vector construct and a murine KCNC1 potassium ion channel 
gene. 

35 Figure 2 is a photograph of a 1.5% agarose gel demonstrating KCNC1 mRJSTA production 

of clones 7,13 and 22 under non-induced C'OOTet**) and induced ("(-f-)Tet") conditions. 
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Figure 3 is a photograph of immuno-staining of KCNC1 produced "by clone 22 under non- 
induced ("<>)Tet") ari d induced ("( + )Tet") conditions. 

Figure 4 is a graph demonstrating hyperpolarization of an induced population of cells 
compared to anon-induced population of cells and their responses to 50 mM, 100 iruVt and 150 mfvl 
5 KC1. 

Figure 5 is a graph demonstrating that cells induced to overexpress KCNC1 when pre- 
incubated with 4-aminopyridine, show characteristics more similar to uninduced cells. 

Figure 6 is a graph demonstrating that cells induced to overexpress KCNC 1 when pre- 
incubated with BaCl 2 , show characteristics more similar to uninduced cells. 
10 Figure 7 is an illustration of an inducible expression vector comprising a tetracycline 

inducible promoter, a pcDNA4/TO vector construct and a HERG potassium ion channel gene. 

Figure 8 is a graph demonstrating that induced HERG expressing cells are hyperpolarized 
as compared with the uninduced cell population. The addition of 100 nuvl potassium chloride 
depolarizes the HERG expressing cells to a greater extent than the uninduced cells. Induced cells 
15 are also more sensitive to 25 n]VE pimozide than are uninduced cells. 

Figure 9 is an illustration of the CNTFR DH R_S K_P a c__ CM VTO vector construct. The 5' 
and 3' flanking homologous arms are indicated. The pac gene, which confers puromycin 
resistance, is flanked by a 5' SV40 promoter and a 3' poly A site as indicated. The vector also 
carries a cytomegalovirus immediate-early (C3VTV) promoter which contains and two tetracycline 
20 operator 2 (Tet0 2 ) sites. 

Fig. 10 is a graph demonstrating FACS analysis of cells stably transfected with CNTFR- 
DHR_SK_ Pac CMVTO . The cells were incubated in the presence or absence of 5 jag/ml 
doxycycline. Cells were stained with or without anti -human CNTFRa followed by Alexa Fluor 
488 conjugated secondary antibody. A region was drawn around the live cells of the forward 
25 scatter vs. side scatterplot and all other plots were gated on this region. The negative population, 
density plots of uninduced samples and induced samples without primary antibody were set on the 
first log of FL1. Panel A shows uninduced cells, untreated with doxycyline, but stained with both 
primary and secondary antibodies. Panel B shows induced cells, treated with doxycycline, and only 
stained with secondary antibody. Panel C shows cells induced and stained with primary and 
30 secondary antibodies. Density plots of the induced sample (Panel C) show a specific increase in 
Alexa Fluor 488 signal as demonstrated by increased cell counts in the third log of FL1 compared 
to Panel A and Panel B figures. 

Fig. 1 1 is an immunoblot analysis of STAT3 and phosphorylated STAT3 from homologous 
recombinant clones. Isolated clones from sorting were expanded and treated with or without CNTF 
35 for 15 minutes. One clone which did not contain homologous integration of target vector, clone 
#14, was used as a negative control. Two clones containing homologous integration of the target 
vector, clone #15 and #16, were analyzed. These cells were lysed and probed with anti- 
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phosphorylated STAT3 to measure STAT3 activation as a result of ligand, CNTF, treatment and 
anti-STAT3 to measure total STAT3 . 

Summary of the Invention 
One aspect of the present invention includes a method for identifying molecules that 
5 modulate a target protein, comprising providing mammalian cells transfected in such a way as to 
provide a nucleotide sequence encoding the target under control of a heterologous inducible 
promoter; inducing the promoter under conditions that provide a detectable change in a measurable 
parameter associated with the cells; contacting at least a portion of the cells with a test compound to 
ascertain whether the test compound affects a change in the measurable parameter; and repeating 

1 O the contacting step with at least one other test compound. Preferably, the measurable parameter is a 
parameter other than growth or survival. In one embodiment, the contacting step comprises 
contacting cells with the test compound while the promoter is induced- The method may 
advantageously include comprising comparing the value of the measurable parameter in uninduced 
cells with the value of the parameter in induced cells. 

15 In one embodiment, the method includes testing various candidate parameters to ascertain 

which one is most directly or most advantageously associated with induction of the target sequence. 
Thus, the measurable parameter can be selected from among a plurality of candidate parameters 
based on the comparison. 

The promoter can typically be induced to different degrees. In some cases, induction of the 

20 promoter can have a deleterious effect on cell growth or survival. Thus, the cells can be cultured 
and expanded without induction of the promoter, and then the promoter can be induced as part of 
the assay. In one embodiment, the promoter is induced to a degree that provides a detectable 
change in the parameter but not to a degree that kills the cell. The invention also includes empirical 
testing of various levels of induction to select that level that optimally provides a cell that is 

25 responsive to stimulus or provides an optimal level of signal, while maintaining that amount of 
viability or cell function necessary for successful performance of the assay. 

Induction can occur in various ways. Thus, the methods of the invention include including 
the promoter by contacting the cell with an inducer molecule. They also include induction of the 
promoter by removal or inhibition of a repressor. 

30 In some embodiments of the invention, the target protein affects ion channel activity of the 

cell. In one particular embodiment, the target protein is an ion channel protein. 

In other embodiments of the invention, the target protein is a cell surface receptor, such as a 
O -protein coupled receptor. In still other embodiments, the target protein is another type of 
signaling molecule or transport molecule. 

35 One aspect of the present invention includes identification of the type of signal being 

produced by a candidate molecule, or more particularly, the method by which the signal is being 
produced or by which the modulation occurs. Thus, the method may include identifying at least 
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one test compound that modulates the measurable parameter in the cell; providing a second cell line 
that differs from the first cell line in that the inducible promoter controls expression of a reporter 
instead of polynucleotide encoding target; contacting the second cell line with the identified test 
compound; and ascertaining whether the identified test compound affects the expression of the 
5 reporter. In this manner, one can differentiate between compounds having a genuine effect on the 
target, and compounds that simply modulate the activity of the inducible promoter. 

The polynucleotide encoding the target can be transfected into the cell, or can be 
endogenous polynucleotide that is simply placed under the control of an inducible heterologous 
promoter that functionally replaces the endogenous promoter (if any). 
10 The invention also includes a method for identifying an ion channel modulator molecule 

comprising obtaining a cell that conditionally expresses an ion channel target; incubating a potential 
ion channel modulator molecule with the cell; and determining whether ion flow through the ion 
channel targets has modulated, thereby identifying molecules that modulate the ion channel target. 
In one embodiment, the cell that conditionally expresses the ion channel target has been induced to 
15 express the ion channel target. Some preferred cells include CHO, CHO-K1, HEK293, COS, Vero, 
SH-SY5Y, and TJ20S cells. The cells are advantageously mammalian cells, although other cell 
systems may also be used. In a particular embodiment, the step of obtaining a cell that 
conditionally expresses an ion channel target comprises genetically adapting the cell to produce an 
ion channel target. The cell can be genetically adapted, for example, by transducing or transfecting 

20 the cell with an inducible vector comprising an ion channel target. The inducible vector may 
comprise an inducible cassette wherein the inducible cassette comprises an inducible promoter, an 
ion channel gene, and a gene conferring resistance to a selection agent for selecting transfected cells 
wherein the inducible promoter is operably linked to the ion channel gene. Suitable inducible 
promoters include the heat shock inducible promoter, metal lothionin promoter, ecdys one- inducible 

25 promoter, FKBP dimerization inducible promoter, Oa 14 -estrogen receptor fusion protein regulated 
promoter, lac repressor, steroid inducible promoter, streptogramin responsive promoters and 
tetracycline regulated promoters, as well as any other compatible promoter. 

One embodiment of the invention includes a method wherein the inducible vector may be 
activated to express tire ion channel target and inactivated to prevent expression of the ion channel 

30 target. As one example, the ion channel target is an ion channel selected from the group consisting 
of a sodium ion channel, an epithelial sodium channel, a chloride ion channel, a voltage-gated 
chloride ion channel, a potassium ion channel, a voltage-gated potassium ion channel, a calcium- 
activated potassium channel, an inwardly rectifying potassium channel, a calcium ion channel, a 
voltage-gated calcium ion channel, a ligand-gated calcium ion channel, a cyclic-nucleotide gated 

35 ion channel, a hyperpolarization-activated cyclic-nucleotide gated channel, a water channel, a gap 
junction channel, a viral ion channel, an ATT -gated ion channel and a calcium permeable beta- 
amyloid peptide channel. 
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Yet another method of the present invention is a method for identifying an ion channel 
modulator molecule, comprising the steps of obtaining a cell that conditionally expresses an ion 
channel target; adding an inducer molecule that induces expression of the ion channel target in the 
cell; measuring membrane potential of the cell; incubating a potential ion channel modulator 
5 molecule with the cell; measuring changes in membrane potential; and determining whether ion 
flow through the ion channel targets has been modulated, thereby identifying a molecule that 
modulates the ion channel. 

The invention also includes a method for screening chemical compounds to identify an ion 
channel modulator compound comprising the steps of obtaining a cell that conditionally expresses 
lO an ion channel target; adding an inducer molecule that induces expression of the ion channel target 
in the cell; measuring membrane potential of the cell; incubating the chemical compounds with the 
cell; measuring changes in membrane potential; and determining whether ion flow through the ion 
channel targets has been modulated, thereby identifying compounds that modulate the ion channel 
target. 

1 5 Still another aspect of the present invention includes a method for identifying a membrane 

receptor modulator molecule comprising obtaining a cell that conditionally expresses a target 
membrane receptor; inducing expression of the target membrane receptor; measuring a 
physiological condition of the cell to obtain a first set of data; incubating a potential membrane 
receptor modulator molecule with the cell; measuring the physiological condition of the cell to 

20 obtain a second set of data; and comparing the first set of data with the second set of data to 
determine whether the physiological condition of the cell has been modulated, thereby identifying a 
molecule that modulates the target membrane receptor. The cell used in the method can be 
provided as a cell that contains an endogenous target membrane receptor sequence and an 
endogenous noncoding sequence (such as a promoter); wherein the method includes inserting an 

25 inducible cassette comprising a 5' insertion adapter, a regulatory sequence and a 3' insertion 
adapter within the endogenous noncoding sequence such that the regulatory sequence is operably 
linked such that it is able to modulate transcription of the target membrane receptor by the presence 
or absence of a regulator. In one embodiment, the regulatory sequence is a non-mammalian 
enhancer sequence or a repressor sequence. This non-mammalian enhancer sequence can, for 

30 example, be a herpes virus enhancer or an artificial enhancer. Alternatively, the non-mammalian 
enhancer sequence can be an inducible promoter, e.g., a herpes virus promoter or other suitable 
inducible promoter. In another embodiment, the regulator is VP 16 or a functional domain of VP16. 
One method of the present invention includes transfecting the cell with a regulatory expression 
vector construct comprising a second inducible promoter and a regulator gene encoding the 

35 regulator operably linked such that induction of the second inducible promoter by an exogenous 
stimulus initiates transcription of the regulator gene. The second inducible promoter can, for 
example, be a tetracycline inducible promoter or an ecdysone-inducible promoter. The external 
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stimulus for inducing the target can be any suitable stimulus, such as, for example, tetracycline, 
ponasterone, dexamethasone, a heavy metal ion or heat. Trie step of inducing expression of the 
target membrane receptor can also be initiated by the presence or absence of a regulator or by the 
presence or absence of an inducer. 
5 In one embodiment that uses an inducible cassette as a transfection vector, the inducible 

cassette further comprises a target sequence such that the target sequence is transcribed upon 
induction of the inducible cassette. Particularly preferred target sequences may be selected from the 
group consisting of a G-protein coupled receptor target sequence, a nuclear hormone receptor target 
sequence, a cytokine receptor target sequence, a protein lcinase-coupled receptor target sequence a 

1 0 nicotinic acetylcholine receptor target sequence, a iono tropic glutamate receptor target sequence, a 
glycine receptor target sequence, a gamma- aminobutyric acid receptor target sequence, and a 
vanilloid receptor target sequence. One useful target sequence is 5HT4. 

"When repressor sequences are used, one particularly useful repressor sequence is able to 
bind a zinc finger protein. Advantageously, the zinc finger protein comprises a KRAJB domain. 

1 5 Still another method of the present invention is a method for screening a chemical 

compound library to identify a G-protein coupled receptor modulator molecule, comprising 
obtaining a cell that conditionally expresses a G-protein coupled receptor; inducing expression of 
the G-protein coupled receptor; measuring a physiological parameter associated with the G-protein 
coupled receptor to obtain a first set of data; incubating a potential modulator of the G-protein 

20 coupled receptor with the cell; measuring the physiological parameter to obtain a second set of 
data; and comparing the first set of data with the second set of data to determine whether the 
physiological parameter has been modulated, thereby identifying a chemical compound that 
modulates a G-protein coupled receptor. Suitable physiological parameters can include, for 
example, a c/VMGP level, a calcium level, and a membrane potential of the cell. 

25 One particular embodiment of the invention comprises an inducible vector containing an 

ion channel target having a nucleotide sequence shown in SEQ. ID INTO. 1, or a cell containing SEQ 
ID NO: 1 under control of an inducible promoter. The invention may also include an inducible 
expression vector comprising a tetracycline inducible promoter, a p cDNA4/TO vector construct and 
a human HERO potassium channel gene. Still another invention is an inducible regulatory 

30 expression vector construct comprising a subcloning vector, a second inducible promoter and a 
regulator gene. The present invention also includes cells transduced or transfected with any of the 
inducible vectors described or contemplated herein. In one embodiment, the cell is a CHO cell and 
the transduced or transfected cell expresses tet repressor and HERG potassium ion channel gene. 

The present invention also includes ion channel modulators, membrane receptor 

35 modulators, G-protein coupled receptor modulators, and other modulators identified using the 
methods of the present invention. 
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The present invention also includes a kit comprising cells that conditionally express an ion 
channel target, a compound that induces expression of the ion channel target, and an indicator 
compound or system for indicating ion channel activity of the cells. It further includes a kit 
comprising cells that conditionally express an ion channel target and a fluorescent dye. 
5 ^Definitions 

Prior to setting forth the invention, it may be helpful to first set forth the definitions of 
certain terms that will he used hereinafter. All references, which have been cited below are hereby 
incorporated by reference in their entirety. 

A "nucleic acid molecule" or "nucleic acid sequence" is a linear segment of single- or 

10 double- stranded IXNA or RNTA that can be isolated from any source. In the context of the present 
invention, the nucleic acid molecule is preferably a segment of DNA. An "isolated" nucleic acid 
molecule or an isolated enzyme is a nucleic acid molecule or enzyme that, by the hand of man, 
exists apart from its native environment and is therefore not a product of nature. An isolated nucleic 
acid molecule or enzyme may exist in a purified form or may exist in a non-native environment 

1 5 such as, for example, a recombinant host cell. 

A "gene" is a defined region that is located within a genome and that, besides the 
aforementioned coding nucleic acid sequence, comprises other, primarily regulatory, nucleic acid 
sequences responsible for the control of the expression, that is to say the transcription and 
translation, of the coding portion. A gene may also comprise other 5 1 and 3* untranslated sequences 

20 and termination sequences. Further elements that may be present are, for example, introns. 

However, as context may require, the term "gene" can refer more simply to a sequence encoding a 
desired polypeptide or protein, particularly in the context of a "gene" under the control of an 
inducible promoter. 

The term "construct" as used herein refers to a recombinant DNA sequence, generally a 
25 recombinant DNA molecule, that has been generated for the purpose of the expression of a specific 
nucleotide sequence(s), or is to be used in the construction of other recombinant nucleotide 
sequences. The construct may be generated for the purpose of controlling the expression of a 
specific nucleotide sequence(s) as, for example, in a construct containing a viral enhancer. In 
general, "construct" is used herein to refer to a recombinant D2STA molecule comprising a 
30 subcloning vector and may further comprise an inducible cassette and/or a regulator gene. 

The term "genetically adapting" as used herein refers to the process of establishing an 
inducible expression cloning vector construct within a cell such that the target sequence's 
expression may be exogenously controlled. The term "exogenously controlled'* as used herein 
refers to an increase or decrease in expression of a target sequence by the presence or absence of an 
35 inducer molecule or inducing condition. The inducer molecule or inducing condition originates 
from outside of the host organism. 
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The term " trans fee ti on" refers to a process for introducing heterologous nucleic acid into a 
host cell or organism A. transfected cell refers to a host cell, such as a eukaryotic cell, and more 
specifically, a mammalian cell, into which a heterologous nucleic acid molecule has been 
introduced. The nucleic acid molecule can be stably integrated into the genome of the host or the 
5 nucleic acid molecule and can also be present as an extrachromosomal molecule, such as a vector or 
plasmid. Such an extrachromosomal molecule can be auto -rep hearing. 

The term "modulator molecule' 1 , "compound that modulates", "modulatory compound", or 
"compound" as used herein refers to any compound that activates, enhances, increases, decreases, 
or suppresses the function of an expressed target or increases or decreases the amount of an 
10 expressed target. 

The term "modulation" or "modulated" as used herein refers to any change in functional 
activity such as activation, enhancement, increasing, interference with or suppression or an increase 
or decrease in the amount of expressed target. 

A. " modulatory molecule' 1 can modulate the activity of the target molecule in many ways. 
15 For example, a modulator may act on a target by affecting its conformation, folding (or other 
physical characteristics), binding to other moieties (such as ligands), activity (or other functional 
characteristics), and/or other aspects of protein structure or functions is considered to have 
modulated polypeptide function. Any method of modifying the target activity is suitable for the 
present invention, as long as the modification of target activity when compared to the absence of 
20 the modulatory molecule can be assessed. Such a modulatory molecule can include small organic 
or inorganic molecules as well as large macromolecules. Specific examples of small molecules 
include ICC1 or BaC] 2 . Examples of macromolecules which may be able to modulate the activity of 
the target of a cell include peptides, polypeptides, proteins, nucleic acid, carbohydrate and lipid. 
Functional or structural analogues or mimics of such compounds which exhibit substantially the 
25 same activation or inhibition activity are also included within the meaning of the term as used 
herein. The type, size or shape of the molecule is not important so long as the molecules can 
modulate the specific target activity of a cell. 

The term "chemical library" or "array" refers to an intentionally created collection of 
differing molecules which can be prepared synthetically and screened for biological activity in a 
30 variety of different formats (e.g., libraries of soluble molecules, libraries of molecules bound to a 
solid support). 

The term "target sequence" as used herein refers to a known DNA nucleotide sequence of a 
target wherein the DISTA may be cDNA. 

The term "target" as used herein refers to a protein of interest that has a known or suspected 
35 function or that has more than one known or suspected function. In this case, the term "function" 
refers to a signaling event, rather than a role in a disease state. Changes in the target's function or 
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functional activity when exposed to potential modulator molecules are utilized to identify 
modulator molecules. 

The term "target binding conditions" as used herein refers to environmental conditions that 
may effect the interaction between a target and a modulator molecule such as pH, temperature, and 
5 salt concentration. 

The term "induction" or "induced" as used herein refers to the initiation of transcription and 
translation of the target sequence. Induction may occur in the presence of an inducer or in the 
absence of a repressor. 

As used herein, the term "promoter" is a E»TA sequence which extends upstream from the 
10 transcription initiation site and is involved in binding of RNA polymerase. The promoter may 
contain several short (<10 base pair) sequence elements that bind transcription factors, generally 
dispersed over >2O0 base pairs. 

The term "inducible promoter" as used herein refers to a promoter that is transcriptionally 
active when bound to a regulator that activates transcription or when a regulator that represses 
15 transcription is absent. The inducible promoter is operatively linked to a target sequence. 

The term "conditional expression" or "conditionally expresses" as used herein refers to the 
ability to activate and/or suppress the transcription of a target sequence by the presence or absence 
of an inducer molecule, an inducing condition or a regulator molecule. 

The term "operably linked" as used herein refers to a DNA sequence and regulatory 
20 sequence(s) are connected in such a way as to permit gene expression when the appropriate 
molecules are bound to the regulatory sequences. When the inducible promoter is regulated by a 
repressor, gene expression may occur in the absence of a repressor. When the inducible promoter is 
regulated by an environmental condition, gene expression occurs by obtaining the inducing 
environmental condition (e.g. an increase in temperature activating a heat shock promoter). 
25 The term "inducible cassette" as used herein refers to a sequence that may be inserted into a 

cloning vector that allows for the exogenous control of the transcription of a target sequence. 

An "indicator molecule" refers to any molecule which allows visualization of the 
modulation of the target. For example, fluorescent indicator dyes which display altered 
fluorescence characteristics upon a change in membrane potential may be used. 
30 The term "identify", "identifying", or "identification" as used herein refers to an act of 

assaying a compound or a plurality of compounds using the methods of the present invention to 
isolate a compound or compounds that modulate function or functional activity of a target. 

The term "determine", determining" or "determination" as used herein refers to the act of 
comparing assay measurements of a compound or compounds that may or may not have 
35 modulatory function or activity with a compound or compounds that do not have modulatory 
function or activity to isolate a compound or compounds that modulate a function or functional 
activity of a target. 
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As used herein, the term "physiological condition" refers to any biochemical or 
physiological change in the cell such that the event can be visualized using an indicator molecule 
according to the method of the present invention. 

Detailed Description of the Invention 
5 The present invention provides methods for identifying modulator molecules by screening 

these molecules against cells that conditionally express a target. In these methods cells that are 
clonally selected from populations stably transfected with an inducible vector construct may be 
controlled by the presence or absence of an exogenous cell -permeable inducer. This is especially 
advantageous when overexpression of the target interferes with the cell's growth or survival. Cells 

1 O may be cultured in the absence of inducer to expand the population then transcription of the target 
sequence may be initiated for assay purposes. Assays to detect modulation may be different 
depending on the function of the target e.g. for a G-protein coupled receptor ("GPCR") modulation 
may result in a change in cyclic A1VDP or intracellular calcium levels and modulation of an ion 
channel may result in a change in membrane potential. Moreover, the difference in functional 

15 activity of the target before and after induction provides an indication that the target is active and 
creates an 'assay window' that may be monitored during screening to verify that the cell is 
continuing to express the target throughout the testing period. 
I. Inducible Vector Construct 

The inducible vector construct provides control over the transcription of a target sequence 

20 such as an ion channel or GPCR by the presence or absence of an exogenous inducer or inducing 
condition. Therefore, expression may be increased or decreased to a level that when modulation 
occurs tire user is able to distinguish between compounds that activate or inhibit a target's function 
or functional activity. In addition the detrimental effects associated with overexpression (e.g. 
toxicity and heterogeneous expression, e.g. variances in expression) of cells whether from, the same 

25 population or of different type may be reduced. More specifically, the present invention provides 
methods for assaying transfected cells prior to induction ("steady state") and after induction 
("activated state") of an inducible cassette. A measurement may also be taken once induction has 
ceased, and the transfected cells have returned to steady state. Steady state may be achieved by the 
absence of the inducer molecule or inducing condition or by the presence of a repressor such that 

30 the target sequence is unable to be transcribed. As previously described, current methods of 
modulator molecule discovery are unable to achieve conditions that allow for measurement of an 
initial steady state condition and an activated state condition. In addition, current methods are 
unable to monitor target activity during the course of a testing period. 

The inducible vector construct may advantageously comprise an inducible cassette and a 

35 subcloning vector such as a plasmid or a cosmid. The inducible cassette regulates the expression of 
a target sequence positioned within the cassette by the induction of an inducible promoter 
positioned upstream of the target sequence. This induction occurs by adding an inducer molecule, 
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removing a repressor, or changing an environmental condition that initiates transcription at the 
inducible promoter. Therefore, the user is able to exogenously "turn on" or "rum off" expression of 
the target sequence, and is advantageously also able to fine tune the level of expression. 

Some examples of inducible vector constructs that may be used are the tetracycline- 
5 dependent systems (Invitrogen, Carlsbad, CA; Clontech, Palo Alto CA) and the ecdysone inducible 
vector (Invitrogen, Carlsbad, CA). For example, the vector illustrated in Figure 1 may be used for 
the present invention. The construct contains a region allowing regulated expression from a 
cytomegalovirus enhancer-promoter sequence containing two copies of the tet-02 sequence, which 
is an enhancer that allows for highly regulated expression of the inserted gene. The vector 
lO additionally contains a gene conferring antibiotic (ampicillin) resistance, which is useful for 
bacterial subcloning procedures, and another gene conferring resistance to selection agents (such as 
zeocin) after transfection into the eukaryotic host cell. The construct of Figure 1 also contains a 
multiple cloning site allowing for gene insertion downstream of the C1MV tet-02 promoter- 
enhancer sequence. 

1 5 One embodiment of the inducible cassette comprises an inducible promoter, a selecting 

sequence, and a target insertion domain able to accept at least one target sequence. The inducible 
cassette may further comprise a reporter gene and/or at least one restriction site to enable ligation of 
the inducible cassette into a subcloning vector. 

As an alternative to the use of the inducible cassette, an inducible promoter (and preferably 

20 also a gene providing for resistance to selection agents) can be inserted into the genome of a cell in 
which the target gene is endogenous. This would typically involve the use of 5' and 3' adapters 
enabling insertion of the inducible cassette into the host's genome by homologous recombination. 

The inducible promoter provides exogenous control over the transcription of the target 
sequence by the presence or absence of an inducer molecule, a repressor, or an environmental 

25 condition that initiates transcription. A promoter may be selected based on a variety of 
characteristics such as its efficiency at initiating transcription, its ability to be exogenously 
controlled, the availability of its corresponding inducer and by the characteristics of the target. 

The rate and efficiency of transcription by a given inducible promoter will vary depending 
on the promoter and its response to its corresponding inducer. Different inducible promoters are 

30 able to initiate transcription at different efficiencies and have different response curves to the 
absence or presence of their corresponding inducers. When the precise level of expression within 
the cell is to be quantitatively controlled a promoter with a rapid response to inducer may be desired 
(e.g. a minimal CJVIV promoter with two Tet-operator sequences 5' of the promoter (as, for 
example, in the T-Rex system, Invitrogen, Carlsbad, CA). However, when precise control is not 

35 desired a promoter with basal activity may be utilized. 

The availability of an inducer molecule may be regulated by biological accessibility or 
economic concerns. The ability for an inducer to be available biologically in an assay system may 
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depend on its concentration, affinity and specificity. Correspondingly, the cost for obtaining a 
sufficient supply of inducer may be economically unfeasible. Tetracycline and its more stable 
analogue doxycycline are readily available inducers that may be utilized with the present invention. 
However, when the selecting sequence of the inducible cassette comprises a tetracycline resistance 
5 gene, a tetracycline inducible promoter may not be desired because the addition of the 
corresponding selecting media would also initiate transcription of the target sequence thereby 
reducing control over expression. 

Cellular effects, such as for example cell growth or apoptosis, resulting from an expressed 
target may be a factor when choosing an inducible promoter. Steady state may be achieved when 
lO the promoter is "turned on" or "turned off* consequently promoters that are "turned on" in their 
steady state may be better suited for targets that do not interfere with cell survival or that inhibit 
deleterious effects such as for example apoptosis. Alternatively, promoters that are "turned off" in 
their steady state may be better suited for targets that interfere with cell growth, such as certain ion 
channels or apoptosis activators. 
15 Some examples of promoters useful in the present invention are heat shock inducible 

promoter, metallothionin promoter, ecdysone-inducible promoter, FKLBP dimerization inducible 
promoter, Gal4-estrogen receptor, fusion protein regulated promoter, Lac repressor, steroid 
inducible promoter, streptogramin responsive promoters, and tetracycline regulated promoters. 

Selection is performed to select for cells that have been transfected with the inducible target 
20 construct. Mammalian cell transfection selection typically utilizes genes encoding resistance to 
selective agents such as, for example, zeocin, hygromycin, blasticidin, and geneticin. 

The choice of a selecting sequence may depend on a variety of characteristics. The choice 
of a selecting sequence may depend on the ability to provide resistance to more than one selection 
agent. A selecting gene that confers resistance to a variety of selecting media may be desired to 
25 allow flexibility in the selecting procedure. Similarly, the addition of multiple selecting sequences 
may be combined into one cassette allowing the user to choose either for selection purposes. 

The selecting sequence may be any sequence that allows selection of cells that express an 
inducible construct from those that do not following transfection. Selection may be conducted by 
addition of a selecting media that requires the expression of the selecting sequence for cell survival. 
30 Generally the selecting sequence may be an antibiotic resistance gene conferring resistance to its 
corresponding antibiotic or a gene that expresses a nutrient necessary for cell survival in a nutrient 
deficient culture media. Alternatively, single cells may be selected using fluorescent activated cell 
sorting ("FACS") when the selecting sequence encodes a fluorescent protein such as, for example, a 
green fluorescent protein ("GFP"). 
35 When choosing a selecting sequence for the inducible cassette it is preferable that the 

subcloning vector comprise a functionally different selecting sequence, so that the selection would 
not be specific to a construct comprising the inducible cassette. Correspondingly, when choosing a 
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selecting sequence for the inducible cassette, it is preferable that trie selecting sequence not provide 
resistance against an inducer. 

One skilled in trie art will recognize that when a cell is engineered to express different 
inducible cassettes, a different selection sequence may be inserted into each inducible cassette, 
5 allowing selection for cells able to express each. For example, zeocin resistance may be the 
selection sequence for one cassette, while hygromycin resistance may be the selection sequence for 
the second cassette. Therefore, when both are transfected into a cell, the appropriate media may 
contain zeocin and hygromycin. Some examples of selecting sequences useful in the present 
invention are genes that confer resistance to the selective agents zeocin, hygromycin and geneticin. 

lO Alternatively, nucleotide sequences that encode essential nutrients absent in nutrient deficient 
media may be utilized as selection sequences. 

The target insertion domain is a sequence of nucleotides that enables ligation or insertion of 
a target sequence within the inducible cassette. The target insertion domain may comprise a single 
cloning site or a multiple cloning site ("MCS") and may further comprise a reporter gene allowing 

15 detection of recombinant clones. Alternatively the target insertion domain may comprise thymidine 
overhangs enabling PCR products to be directly li gated to the cloning vector and may further 
comprise a reporter gene allowing detection of recombinant clones (Current Protocols in IVEolecular 
Biology, John Wiley Press). 

In addition, a reporter gene may be positioned outside of the target insertion domain such 

20 that expression of the reporter occurs when the inducible cassette is expressed within the subcloning 
vector. In this configuration for example a luciferase reporter gene may be utilized to detect 
insertion of the inducible cassette into the subcloning vector. Other reporter genes that may be 
utilized with the present invention are b-galactosidase, chloramphenicol acetyl transferase and green 
fluorescent protein . 

25 The inducible cassette may also comprise 5 s and 3' insertion adapters enabling it to be 

inserted into the genome of the host organism by homologous recombination using standard 
recombination techniques (Mansour et al., Nature, 336:348-352,1988). In this configuration the 
insertion adapters are complementary to the non-coding region of the genome where the inducible 
cassette is to be inserted. Transcription of the target sequence may be controlled directly by the 

30 inducer or may be controlled through an intermediary whereby the inducer initiates transcription at 
an inducible promoter positioned within a second construct ("regulatory construct") which may 
express a regulator. The regulator in this configuration controls the transcription of the target 
sequence. 

The target sequence may be any nucleic acid sequence that encodes a cellular protein of 
35 pharmaceutical interest. The target sequence may be a lcnown or a previously unidentified 
sequence. Known sequences may be selected by searching a database such as OenJBank or 
SwissProt. Once the sequence of interest is selected primers may be designed such that the 
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sequence may be amplified from a cDNA library (Current Protocols in Molecular Biology, John 
Wiley Press). Alternatively, the sequence may be purchased or obtained from a collection such as 
the I.IvI.A.G.E. Consortium [LLNL] cDNA Clones, (Lennon et al., Genomics 33:151-152, 1996). 
The cDNA clones provided by the IJMA.G.E. Consortium are available through distributors 
including the ATCC (Roclcville, MD). The target sequence may encode a membrane-associated 
protein such as an ion channel protein, a receptor such as a G-protein coupled receptor target 
sequence, a nuclear hormone receptor target sequence, a cytokine receptor target sequence and a 
protein kinase- coupled receptor target sequence, a soluble protein such as an enzyme. A list of ion 
channel proteins that may be encoded by the target sequence of the present invention is listed in 
Table I, below. 



Table I 



Name 


Description of Ion Channel 


ACCN1 


ACCN; amiloride- sensitive cation channel 1, 

Neuronal (degenenn); MDEG; BNC1; BnaCl; hBNaCl; Ms. 65 1 7 


ACCN2 


Amiloride- sensitive cation channel 2, neuronal; BNaC2; hBNaC2 


ACCN3 


TNAC1; ASIC3; amiloride-sensitive cation channel 3, testis 


AQP1 


Aquaporin 1 (channel-forming integral protein, 281cD); Hs. 96074; CHTP28; 
Hs,74602 


BEC 1 


Ether-a-go-go K(+) channel family member 


BEC2 


Ether-a-go-go IC(+) channel family member 


CACC2 


Calcium-dependent chloride channel 2 


CACNA 1 A 


CACNL1A4; EA2; 1V1HP1; SCA6; calcium channel, voltage- dependent, P/Q 
type, alpha 1A subunit; APCA; Acetazolamide responsive hereditary 
paroxysmal cerebellar ataxia; HPCA; familial periodic cerebellar ataxia/ 
hereditary paroxysmal cerebellar ataxia/ episodic ataxia; spinocerebellar ataxia 
6; MHP; FH1VI; migraine, hemiplegic 1 


CACNA1B 


CACNL1A5; CACNN; calcium channel, voltage- dependent, alpha IB subunit, 
N type; calcium channel, N type 


CACNA1C 


CACNL1A1; calcium channel, voltage- dependent, L type, alpha 1C subunit; 
CCHL1A1 


CACNA1D 


CACNL1A2; calcium channel, voltage-dependent, L type, alpha 133 subunit; 
CCHL1A2 


CACNA IE 


CACNL1A6; calcium channel, voltage-dependent, alpha IE subunit 


CACNA IF 


Calcium channel, voltage -dependent, alpha IF subunit; congenital stationary 
night blindness 2; CSNB2; CSNXB2 


CACNA1G 


NBR13; calcium channel, voltage-dependent, T type, alpha- 1G subunit 


CACNA lH 


Calcium channel, voltage-dependent, alpha 1H subunit 


CACNA1I 


Calcium channel, voltage-dependent, alpha 11 subunit 


CACNA IS 


CACNL 1 A 3 ; 1V1HS5; calcium channel, voltage- dependent, L type, alpha IS 
subunit; malignant hyperthermia susceptibility 5; HypoPP; HOKPP; calcium 
channel, L type, alpha 1 polypeptide, isoform 3 (skeletal muscle, hypokalemic 
periodic paralysis) 


CACNA2D 1 


CACNA2; CACNL2A; MHS3; calcium channel, voltage-dependent, alpha 
2/delta subunit; malignant hyperthermia susceptibility 3 
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Name 


Description of Ion Channel 


CACNA2D2 


CACNA2D ; KIAA0558; calcium channel, voltage-dependent, alpha 2/delta 
subunit 2 


CACNBl 


CACNLB1; calcium channel, voltage -dependent, beta 1 subunit 


CACNB2 


CACNLB2; MYSB; calcium channel, voltage-dependent, beta 2 subunit; 
myasthenic (Lambert-Eaton) syndrome antigen B 


CACNB3 


CA CNLB 3 ; calcium channel, voltage-dependent, beta 3 subunit 


CACNB4 


Calcium channel, voltage-dependent, beta 4 subunit 


CACNG 1 


CACNG; CACNLG, calcium channel ,voltage-dependent, gamma subunit 


CACNG2 


Calcium channel, voltage-dependent, gamma subunit 2 


CACNG3 


Calcium channel, voltage-dependent, gamma subunit 3 


CLCA1 


Chloride channel, calcium activated, 1; CaCC 


CLCA2 


Chloride channel, calcium activated, 2 


CLCA3 


Chloride channel, calcium activated, family member 3 


CLCN1 


CLC1; chloride channel 1, skeletal muscle (Thomsen disease, autosomal 
dominant) 


CLCN2 


Chloride channel 2; C1C-2 


CLCN3 


Chloride channel 3; C1C-3 


CLCN4 


Chloride channel 4; Hs.32790; C1C-4 


CLC1ST5 


7STPHL2; chloride channel 5; Hs.3121; DENTS; nephrolithiasis 2 Qsl- linked, 
Dent disease) 


CLCN6 


Chloride channel 6; C1C-6; KIAA0O46 


CLCN7 


Chloride channel 7; C1C-7; CLC7 


CLCNKA 


Chloride channel Ka; hClC-Kla 


CLCNKB 


Chloride channel ICb; hClC-ICb; Bartter syndrome, Type 3 


CLIC1 


Chloride intracellular channel 1; NCC27; p64CLCP 


CLIC2 


Chloride intracellular channel 2 


CLIC3 


Chloride intracellular channel 3 


CLIC4 


Chloride intracellular channel 4; chloride intracellular channel 4 
(mitochondrial); HI; huHl; mc3s5; p64Hl; mtCLIC; CLIC4L 


CLIC5 


Chloride intracellular channel 5 


CLIC6 


CLIC5; chloride intracellular" channel 6; chloride intracellular channel 5; 
CLICL1 


CLNS1A 


CLCI; chloride channel, nucleotide-sensitive, 1 A; Icln 


CLNS1B 


Chloride channel, nucleotide-sensitive, IB; Icln 


CNGA 1 


CNCG1; cyclic nucleotide gated channel alpha 1; CNG1; RCNC1; RCNCalpha; 
CNCG 


CNGA2 


CNCA1; cyclic nucleotide gated channel alpha 2; CNG2; OCNCl; OCNCa; 
OCNCalpha; CNCA 


CNGA3 


CNCG3; cyclic nucleotide gated channel alpha 3; CCNC1; CNG3; CClSFCa; 
CCNCalpha 


CNGB 1 


CNCG2; CNCG3L; cyclic nucleotide gated channel beta 1; RCNC2; Hs.93909; 
GARP ; GAR1 ; RCNCb; RCNCbeta; cyclic nucleotide gated channel 
(photoreceptor), cGlVCP gated 3 (gamma)-lilce 


CNGB2 


CNCA2; cyclic nucleotide gated channel beta 2; OCNC2; OCNCbeta 


CNGB3 


Cyclic nucleotide gated channel beta 3; ACPEV[3; achrornatopsia-3; Pingelapese 
colorblindness 
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Name 


Description of Ion Channel 


HCN1 


JBC^l^JC^l, hypcrpol3.riza.tion activated, cyclic nucleotide— gated, potassium channel 
1; brain cyclic nucleotide gated channel 1; HAC-2; BCNG-1 


HCN2 


BC1NTG2; hyperpolarization activated cyclic nucleotide- gated potassium channel 
2; brain cyclic nucleotide gated channel 2; HAC-1; BCNG-2 


HCN4 


Hyperpolarization activated cyclic nucleotide-gated potassium channel 4 


KCNA1 


RBK1; HXJK1; MBK1; AEMK; KV1.1; potassium voltage-gated channel, 
shaker-related subfamily, member 1 (episodic ataxia with myokymia) 


KCNAIO 


Potassium voltage- gated channel, shaker-related subfamily, member 10 


-LS^^_. In J-\. 


X^VJld-bolLilll V UI LcLgC--£Z,«a.LC4J. Ulld.Ill|Cl 9 ollalv.Cl-ICld.LCU oUt/la-IXlliy 5 1 11 CI1H_J CI ^ y XrXfr*^*-T y 

KV1.2 


IC CIST A. 3 


T.Tc 1 7<n- TVTT<T ^ - "HT "K"^* 'PTPfTNj'} * T<TV1 ^ - nrvta ccinim -volts* cre>-cm*e*c\ r^ln a nnpl 

shaker-related subfamily, member 3 


KCNA4 


Hs. 89647; Hs.1854; HK1; HPCN2; KV1.4; potassium voltage- gated channel, 
shaker-related subfamily, member 4 


KCNA4L 


Potassium voltage-gated channel, shaker-related subfamily, member 4-1 ike 


XT r~*KT A 


xlS.Oi/JUy, XlJS-ji-, ill ^ lN 1 , i-S_ V 1 , |JO L«d_Sc5l L-Il 1 i VKJlLtL^C— LCC1 CJl<±XUJ.ei , i>na.Kcr- 

r elated subfamily, member 5 


J.S^V — , IN jrV o 


subfamily, member 6 




HAJKLo^ TCOl.7^ potassium voltage— gated channel, shaker— related subfamily, 
member 7 




1S..V IN jT\ 1 JLJ» _. pt) La.tj.Sl UIX1 VU1 Ld.gc-gdlcQ CUtluIlCl, t>i ItiivCI —I del LfcrCX .S LX 1 ) Jl ell 1 1 1 1 _y _ 11 i CI il l_) til 

1 beta-1 subunit 


Tkrr^TvJ AT*'? 


KLCr^ A 2T% ; potassium voltage— gated channel, shaker— related subfamily, member 
1 beta- 2 subunit 


KC1\TA.B3 


ICC1NLA3B; potassium voltage-gated channel, shaker-related subfamily, beta 
member 3 


KCNB 1 


KV2.1; potassium voltage- gated channel, Shab-related subfamily, member 1 


KCNB2 


Potassium voltage-gated channel, Shab-related subfamily, member 2 


ICC3STC1 


KLV3.1; potassium voltage-gated channel, Shaw-related subfamily, member 1 


KCNC2 


KV3.2; potassium voltage- gated channel, Shaw-related subfamily, member 2 


KCNC3 


K.()3-3; potassium voltage- gated channel, Shaw -related subfamily, member 3 


KCNC4 


KLV3.4; HICSHIIIC; potassium voltage-gated channel, Shaw-related subfamily, 
member 4 


KCND1 


Potassium voltage-gated channel, Shal-related subfamily, member 1; KV4.1 


KCND2 


u Lcti>j>i uiii vuiLa^c-gdicu o j idTLiia, oiitxi— xciateu suDianiiiy, meriiDer xs_i5v-_), 
ICV4.2 


KCND3 


Potassium voltage— £r»tf*H nVimmpl SVia l—~re*]z*Te*ri QnTrfsn-n-il"^ m <=-tt-> l-» /=» T - t - t<^ \ / yl 

vicioaiuiii vujiagv £^,cin~-i_i v^xiaiuj^x, ijii<n~x cxdLCU aUUlaXXXXjy, liiClJUJCI „j , Iv Vt.O, 

KSH1YB 


ICClsJE 1 


Pota^^ium voltaffe— t5"atf=*d rhannpl T<;k— re* Is^i "fe^H "fji-m-il-v/ nipmKpr 1 ■ -m-i-nl^" » T ( n -1 ^ - 

j. v-/ tciooiuiij v L/ALa -g 1 ^ gait-Ll ^XAdXllit^ A, ioiV-X C^XdlCLX -La. 11 Ally, IXXCIIXL/Cx 1, IX11I1JN-, L^W 1 J. 

isk: 


KCNE2 


Potassium voltage-gated channel, Isk-related family, member 2; LQT5; LQT6' 
IvTiRPl 


ICCNE3 


Potassium voltage-gated channel, Isk-related family, member 3; i\CERP2 


KCNF1 


ICCJNh"; 1CV5.1; potassium voltage-gated channel, subfamily F 


KCNG1 


KCNG; KV6.1; potassium voltage-gated channel, subfamily G 


ICCNHl 


Potassium voltage-gated channel, subfamily H, member 1 
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Name 


Description of Ion Channel 


KCNH2 


LQT2; long (electrocardiographic) QT syndrome 2; potassium voltage-gated 
channel, subfamily H s member 2; HERG; human ether-a-go-go-related gene 


KCNJ1 


Potassium inwardly -rectifying channel, subfamily J, member 1; ROTvIKLl; 
Kirl.l; Hs.463 


KC3NTJ10 


Potassium inwardly-rectifying channel, subfamily J, member 10; Kir4.1; Kir 1.2; 
KCTSTJ13-PEN 


KCNJ1 1 


Potassium inwardly -recti tying channel, subfamily J, member 11; BIR; Kir 6. 2 


KCNJ12 


Potassium inwardly-rectifying channel, subfamily J, member 12; Kir2.2 


KCNJ 1 3 


Potassium inwardly-rectifying channel, subfamily J, member 13; Kir 1.4; Kir 7 . 1 


KCI\TJ14 


Potassium inwardly-rectifying channel, sub family J, member 14; ERK4; Kir2.4 


KCNJ1 5 


Potassium inwardly-rectifying channel, subfamily J, member 15; Kir4.2; Kir 1.3; 
KCTNTJ1 4-PEN 


ICClsTJ16 


Potassium inwardly-rectifying channel, subfamily J, member 16; Kir5.1 


KCNJ2 


Potassium inwardly-rectifying channel, subfamily J, member 2; ERK1; Kir2.1; 
Hs.1547 


KCNJ3 


GIRK1; potassium inwardly-rectifying channel, subfamily J, member 3; Kir 3.1 


KCNJ4 


Potassium inwardly- rectifying channel, subfamily J, member 4; HER.; HRK1; 
HIRK2; Kir2.3 


KCNJ5 


CIR; KATP1; potassium inwardly -rectifying channel, subfamily J, member 5; 
GIRK4; Kir3.4 


KCNJ6 


Potassium inwardly-rectifying channel, subfamily J, member 6; KCNJ7; 
GIRK2; KATP2; BIR1; Kir3.2; Ms. 11 173 


KCNJ8 


Potassium inwardly-rectifying channel, subfamily J, member 8; Kir6.1 


ICCNJ9 


Potassium inwardly-rectifying channel, subfamily J, member 9; G-protein 
coupled potassium inwardly-rectifying channel subfamily, member 3; GTRK3; 
Kir3.3 


ICCNXN1 


Potassium inwardly-rectifying channel, subfamily J, inhibitor 1; Kir2.2v 


KCNK1 


Potassium inwardly-rectifying channel, subfamily K, member 1 ; DPK; TWDC- 1 


KCNK2 


Potassium inwardly-rectifying channel, subfamily K, member 2; TREK-1 


KCNIC3 


Potassium inwardly-rectifying channel, subfamily KL, member 3 ; TASK 


KCKTK5 


TASK-2; potassium channel, subfamily K, member 5 (TASK-2) 


KCNK6 


TOSS; TWK-2; potassium channel, subfamily K, member 6 (TWTK-2) 


KCNK7 


Potassium channel, subfamily K, member 7 


KCNMA 1 


SLO; potassium large conductance calcium-activated channel,, subfamily Tvl, 
alpha member 1 ; Hs.62679 


KCNMB1 


Potassium large conductance calcium-activated channel, subfamily Tvl, beta 
member 1; hslo-beta 


KCNMB2 


Potassium large conductance calcium-activated channel, subfamily Tvl, beta 
member 2 


KCNMB3 


KCNMBL; potassium large conductance calcium- activated channel, subfamily 
Ivl, beta member 3 


ICCNIVIB3L 


KCMIVEBLP; potassium large conductance calcium- activated channel, subfamily 
3V1, beta member 3 -like 


KCNN1 


Potassium intermediate/small conductance calcium- activated channel, 
subfamily N, member 1; SKI; hSKl 


KCNN2 


Potassium intermediate/small conductance calcium- activated channel, 
subfamily 1ST, member 2; hSK2 
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Name 


Description of Ion Channel 


ICCISTNT3 


Potassium intermediate/small conductance calcium-activated channel, 
subfamily N, member 3; hSIC3; SKCA3 


KCNN4 


Potassium intermediate/small conductance calcium -activated channel, 
subfamily 1ST, member 4; hSK4; hICCa4; hIKCal 


KCNQ1 


KCNA9; LQT1; KCNA8; potassium voltage-gated channel, KlQT-like 
subfamily, member 1; LQTS; KVLQT1; LQT; long (electrocardiographic) QT 
syndrome, Ward-Romano syndrome 1 


KCNQ2 


Potassium voltage- gated channel, KLQT-like subfamily, member 2 


KCNQ3 


Potassium voltage- gated channel, KLQT-lilce subfamily, member 3 


ICC1STQ4 


DFNA2; potassium voltage-gated channel, KLQT-lilce subfamily, member 4; 
deafness, autosomal dominant 2 


KCNS 1 


Potassium voltage-gated channel, delayed-rectifier, subfamily S, member 1; 
BCv9.1 


ICCNS2 


Potassium voltage-gated channel, delayed-rectifier, subfamily S, member 2; 
ICv9.2 


KCNS 3 


Potassium voltage- gated channel, delayed-rectifier, subfamily S, member 3; 
Kv9.3 


KVB3 


ICvTB3-LS;B; potassium channel beta-subunit 3 


P2RX1 


Purinergic receptor P2X, ligand-gated ion channel, 1 


P2RX2 


P2X2; purinergic receptor P2X, ligand-gated ion channel, 2 


P2RX3 


Purinergic receptor P2X, ligand-gated ion channel, 3; P2X3 


P2RX4 


Purinergic receptor P2X, ligand-gated ion channel, 4; P2X4 


P2RX5 


Purinergic receptor P2X, ligand-gated ion channel, 5; P2X5 


P2RX7 


Purinergic receptor P2X, ligand-gated ion channel, 7 


scisriOA 


Sodium channel, voltage-gated, type X, alpha polypeptide 


SCN1 1A 


Sodium channel, voltage- gated, type XI, alpha polypeptide 


SCN 1 2 A 


Sodium channel, voltage-gated, type XH, alpha polypeptide 


SCN1A 


SCN1; sodium channel, voltage-gated, type I, alpha polypeptide 


SCN IB 


Hs. 89634; sodium channel, voltage-gated, type I, beta polypeptide; Hs.1969 


SCN2A1 


SCN2A; HBSCI; sodium channel, voltage-gated, type II, alpha 1 polypeptide 


SClsr2A2 


H33SCII; sodium channel, voltage- gated, type II, alpha 2 polypeptide 


SCN2B 


Sodium channel, voltage-gated, type II, beta polypeptide 


SCN3A 


Sodium channel, voltage-gated, type III, alpha polypeptide 


SCN4A 


ITYICPP; HYPP; hyperkalemic periodic paralysis (Gamstorp disease, adynamia 
episdica hereditaria); sodium channel, voltage-gated, type IV, alpha polypeptide 


SCN4B 


Sodium channel, voltage-gated, type IV, beta polypeptide 


SCN5A 


LQT3; sodium channel, voltage -gated, type V, alpha polypeptide (long 
(electrocardiographic) QT syndrome 3) 


SCN6A 


SOST7A; Hs. 99945; sodium channel, voltage-gated, type VI, alpha polypeptide; 
sodium channel, voltage- gated, type VH, alpha polypeptide 


SCN8A 


IVIED; sodium channel, voltage- gated, type VIII, alpha polypeptide; motor 
endplate disease 


SCN9A 


Sodium channel, voltage-gated, type IX, alpha polypeptide 


SCNN1A 


SCNN1; sodium channel, nonvoltage-gated 1 alpha; EnaCa 


odMJN 1 J3 


Sodium channel, nonvoltage-gated 1, beta (Liddle syndrome); EnaCb 


SCNN1D 


Sodium channel, nonvoltage-gated 1, delta; dNaCh; EnaCd 


SCNN1G 


Sodium channel, nonvoltage-gated 1, gamma; EnaCg 
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Name 


description of Ion Channel 


TRPC1 


Hs . 7 8 849 ; tr ansi ent receptor po tenti al ch annel 1 


TRPC2 


Transient receptor potential channel 2 


TRPC3 


Transient receptor potential channel 3 


TRPC4 


Transient receptor potential channel 4 


TRPC5 


Transient receptor potential channel 5 


TRPC6 


Transient receptor potential channel 6; TRP6 


TRPC7 


Transient receptor potential channel 7 


VDAC1 


Hs.2060; voltage- dependent anion channel 1 


VDAC1LP 


Voltage- dependent anion channel 1-like pseudogene 


VDAC1P 


Voltage-dependent anion channel 1 pseudogene 


VDAC2 


Voltage-dependent anion channel 2; Hs.78902 


VDAC3 


Voltage- dependent anion channel 3; HD-VDAC3 ; voltage- dependent anion 
channel 3 


VDAC4 


Voltage- dependent anion channel 4 


VDAC5P 


VDAC3; voltage- dependent anion channel 3 



Furthermore, the target sequence may encode an entire protein or merely an active portion 
of the protein. For example, the full length estrogen receptor or the isolated ligand binding domain 
of the same receptor may be used. A list of enzymes that may be encoded by the target sequence of 
the present invention is presented in Table IT. 



Table II 



Name 


Description of Enzyme 


AACP 


arylamide acetylase pseudogene; NATP 


AADAC 


arylacetamide deacetylase (esterase); DAC 


AANAT 


arylalkylamine N-acetyl transferase; SNAT 


AARS 


alanyl-tRlSTA synthetase; Hs.75102 


AATIC 


apoptosis-associated tyrosine kinase; AATYIC; KXAA0641 


ABAT 


GAB AT; 4-aminobutyrate aminotransferase 


ABCA4 


"ABCR; STGD 1 ; ATP-binding cassette, sub-family A (ABC1), member 4; ATP 
binding cassette transporter; retinitis pigmentosa 19 (autosomal recessive); rim 
protein; FFM; STGD; ARJVED2; Stargardt disease 1 (fundus flavimaculatus, 
autosomal recessive)" 


ABCE1 


"KNS4I; RNASELI; ATP-binding cassette, sub-family E (OABP), member 1; 
ribonuclease I_ (2',5'-oligoisoadenylate synthetase-dependent) inhibitor; OAJBP 
PTT" 


ABCG1 


"ATP-binding cassette, sub-family G (WHITE), member 1; WHITE 1; white 
(Drosophila) homolog 1 , ATP binding casette transporter superfamily; ABC 8; 
WHITE" 


ABO 


"ABO blood group (transferase A, alpha 1 -3 -N-actylgalactosaminyl transferase; 
transferase B, alpha 1-3-galactosyltransferase); Hs. 95 985; ABO blood type" 


ABP1 


Hs.75741; AOC1; ID AO; amiloride binding protein 1 (amine oxidase (copper- 
containing)) 


ACAA1 


ACAA; Hs .76260; acetyl-Coenzyme A acyltransferase (peroxisomal 3-oxoacyl- 
Coenzyme A thiol ase) 



-20- 



WO 03/027634 



PCT/US02/30249 



Name 


Description of Enzyme 


ACAA2 


DSAJEC; acetyl- Coenzyme A acyltransferase 2 (mitochondrial 3-oxoacyl- 
Coenzyme A thiolase) 


AC A C A 


ACAC; acetyl-Coenzyme A carboxylase alpha; ACC 


ACACB 


acetyl -Coenzyme A carboxylase beta; HACC275 


ACAD 


"acyl-Coenzyme A dehydrogenase, multiple" 


ACADL 


"Hs.1209; acyl-Coenzyme A dehydrogenase, long chain" 


ACADM 


"Hs.79158; 1V1CAD; acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight 
chain" 


ACADS 


"Hs.73966; acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain; SCAD" 


ACAD SB 


"Hs.S1934; acyl-Coenzyme A dehydrogenase, short/branched chain" 


ACADVL 


"VLCAD; LCACD; acyl-Coenzyme A dehydrogenase, very long chain" 


AC ATI 


Hs.37; T2; AC AT; THIL; acetyl -Coenzyme A acetyl transferase 1 (acetoacetyl 
Coenzyme A thiolase) 


ACAT2 


acetyl -Coenzyme A. acetyl transferase 2 (acetoacetyl Coenzyme A. thiolase) 


ACE 


DCP1; angiotensin I converting enzyme (peptidyl— dipeptidase A.) 1; dipeptidyl 
carboxy peptidase 1 (angiotensin I converting enzyme); DCP; ACE1; Hs.76368; 
Hs. 89639; Hs. 99974 


ACE2 


angiotensin I converting enzyme (peptidyl- dipeptidase A) 2 


ACHAP 


acetylcholinesterase-associated protein 


ACHE 


acetylcholinesterase (YT blood group); Hs. 89881; YT 


ACIC 


activated p21cdc42Hs kinase 


ACLY 


ATP citrate lyase 


ACOl 


"aconitase 1, soluble" 


AC02 


"aconitase 2, mitochondrial; Hs.75900" 


ACOX 1 


"^COX; acyl-Coenzyme A. oxidase 1, palmitoyl; acyl-Coenzyme .A oxidase; 
PALMCOX" 


ACOX2 


"acyl-Coenzyme A oxidase 2, branched chain; BRCACOX; branched-chain 
acyl-CoA oxidase, peroxisomal; BRCOX" 


ACOX3 


"acyl-Coenzyme A oxidase 3, pristanoyl" 


ACPI 


"Hs.75393; acid phosphatase 1, soluble" 


ACP2 


"Hs.75589; acid phosphatase 2, lysosomal" 


ACP5 


"Hs. 89806; acid phosphatase 5, tartrate resistant; Hs.121 1" 


ACPP 


"Hs.1852; acid phosphatase, prostate" 


ACVR1 


"ACVRLK2; activin A receptor, type I; SKR1; ALKL2; activin A receptor, type 
II-like kinase 2" 


ACY1 


Hs.79; aminoacylase 1 


ACY1L 


AN; 91184800; aminoacylase 1 -like 


ACYP1 


" acylphosphatase 1, erythrocyte (common) type; ACYPE" 


ACYP2 


"acylphosphatase 2, muscle type" 


AJD2 


"Alzheimer disease 2 (APOEE4-associated, late onset)" 


AD 5 


Alzheimer disease 5; AD5-PEN 


ADA 


Hs .1217; adeno sine deaminase 


ADAM1 


FTNAP; PH-30A; a disintegrin and metalloproteinase domain 1 ( fertilin alpha) 


ADAMIO 


a disintegrin and metalloprotease domain 1 0; kuz 


AD AMI 1 


"1VIDC; metalloproteinase-like, disintegrin-like, cysteine-rich protein" 
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Name 


Description of Enzyme 


ADAM12 


a disintegrin and metalloproteinase domain 12 (meltrin alpha); MX/ITST; MCMP; 
IMltna 


ADAM 13 


a disintegrin and metalloproteinase domain 13 


ADAM14 


ADM-1; a disintegrin and metalloproteinase domain 14 


ADAM15 


a disintegrin and metalloproteinase domain 15 (metargidin); MDC15 


ADAM16 


MjDCI 6; a disintegrin and metalloproteinase domain 16 


AD AMI 8 


ADAM!27; TMX>C1JJL; a disintegrin and metalloproteinase domain 1 8 


ADAM19 


MX/ITSTB; a disintegrin and metalloproteinase domain 19 (meltrin beta) 


ADAM20 


a disintegrin and metalloproteinase domain 20 


ADAM21 _j 


a disintegrin and metalloproteinase domain 2 1 


ADAM22 


a disintegrin and metalloproteinase domain 22; MDC2 


ADAM23 


a disintegrin and metalloproteinase domain 23; MDC-L; MDC3 


ADAM24 


a disintegrin and metalloproteinase domain 24 


ADAM25 


a disintegrin and metalloproteinase domain 25 


ADAM26 


a disintegrin and metalloproteinase domain 26 


ADAM28 


a disintegrin and metalloproteinase domain 28 


ADAM29 


a disintegrin and metalloproteinase domain 29; svphl 


ADAM30 


a disintegrin and metalloproteinase domain 30; svpli4 


ADAM3B 


CYR>T2; cyritestin 2; a disintegrin and metalloproteinase domain 3b 
(cyritestin 2) 


ADAM4 


TMX>CTV; a disintegrin and metalloproteinase domain 4 


ADAM5 


TMDCII; a disintegrin and metalloproteinase domain 5 


AJDAJVI6 


TMDCIV; a disintegrin and metalloproteinase domain 6 


ADAM7 


EAPI; GP-83; a disintegrin and metalloproteinase domain 7 


ADAM8 


a disintegrin and metalloprotease domain 8 


ADAM9 


a disintegrin and metalloproteinase domain 9 (meltrin gamma); MCMP; 
MCMP-PEN; AX) AMI 2; myeloma cell metalloproteinase 


ADAMTS1 


"a disintegrin -like and metalloprotease (reprolysin type) with thrombospondm 
type 1 motif, 1; METH1; METH-1" 


ADAMTS2 


"a disintegrin- like and metalloprotease (reprolysin type) with thrombospondin 
type 1 motif, 2; PCINP; hPCPNI; ADAM-TS2; ADAMTS-3; EDS VIIC; EDS 
VITB" 


AIDAMTS4 


"a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin 
type 1 motif, 4; ADMP-1; ADAMTS-2" 


ADAMTS5 


"a disintegrin-like and metalloprotease (reprolysin type) with thrombospondin 
type 1 motif, 5 (aggrecanase-2); ADMP-2; ADAMTS 11" 


ADAMTS6 


"ADAM-TS6; a disintegrin-like and metalloprotease (reprolysin type) with 
thrombospondin type 1 motif, 6" 


ADAMTS7 


"ADAM-TS7; a disintegrin-like and metalloprotease (reprolysin type) with 
thrombospondin type 1 motif, 7" 


ADAMTS 8 


"METH2; a disintegrin-like and metalloprotease (reprolysin type) with 
thrombospondin type 1 motif, 8" 


AJDAR 


"Hs,7957; adenosine deaminase, RINf A- specific" 


AX) ARB 1 


"adenosine deaminase, R3STA- specific, Bl (homolog of rat RED1); ADAR2" 


ADAJRJ32 


"adenosine deaminase, R3S1A- specific, B2 (homolog of rat BLUE); RED2- 
KRJBD2" 


AD ATI 


"adenosine deaminase, tRNA- specific 1; hADATl" 
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Name 


Description of Enzyme 


ADCP1 


adenosine deaminase complexing protein 1 


ADCY1 


Hs.139; adenylate cyclase 1 (brain) 


ADCY2 


HBAC2; adenylate cyclase 2 (brain) 


ADCY3 


adenylate cyclase 3 


ADCY4 


adenylate cyclase 4 


ADCY5 


adenylate cyclase 5 


ADCY6 


adenylate cyclase 6 


ADCY7 


ICIAA0037; adenylate cyclase 7 


ADCY8 


Us. 2522; ADCY3; HBAC1; adenylate cyclase 8 (brain) 


AJDCY9 


adenylate cyclase 9 


ADCYAP 1 


Hs.68137; PACAP; adenylate cyclase activating polypeptide 1 (pituitary) 


ADCYAP1R1 


PA.CAPR; adenylate cyclase activating polypeptide 1 (pituitary) receptor type 1 


ADE2C1 


ade2 (S.cerevisiae) complementing; IVtu It afunctional SAICAR synthetase/ AIR 
carboxy] as e 


ADE2H1 


nrultirunctional polypeptide similar to SAICAR syntbetase and A IK carboxylase 


ADH 1 


"Us. 73 843; alcohol dehydrogenase 1 (class I), alpha polypeptide" 


ADH2 


"Hs.4; alcohol dehydrogenase 2 (class I), beta polypeptide" 


ADH3 


"Hs.2523; alcohol dehydrogenase 3 (class I), gamma polypeptide" 


ADH4 


"Hs.1219; alcohol dehydrogenase 4 (class II), pi polypeptide" 


ADH5 


"Hs.78989; alcohol dehydrogenase 5 (class III), chi polypeptide" 


AJDH5P1 


"alcohol dehydrogenase 5 (class HI), chi polypeptide, pseudogene 1" 


AJDH6 


alcohol dehydrogenase 6 (class V) 


AJDH7 


"alcohol dehydrogenase 7 (class IV), mu or sigma polypeptide; Hs.389" 


ADIC 


Hs.943 82* adenosine kinase 


ADPRH 


ADP-ribosylarginine hydrolase 


ADPRT 


ADP-ribosyltransferase (NAD+; poly (ADP-ribose) polymerase); PARP; 
Hs.76105; PPOL 




ADP-ribosyltransferase (l"vTAD~l~; poly (ADP-ribose) polymerase)-lilce 1 ; PII5P; 
PARPL; VPARP; ICIAA0177 


ADPRTL2 


AT3P-ribosyltransferase (NAD-t - ; poly(AIDP-ribose) porymerase)-like 2, A.dprt2* 
PARP-2 


ADPRTL3 


AD P-ribosyl transferase (NAD+; poly (ADP-ribose) polymer ase)-like 3* 
PARP-2 


ADPRTP1 


-l sr X. i , rvju'r -n do sy itrans ieras c ^najjt, poiy ^/\Ui -noose ) polymerase J 
pseudogene 1 


ADPRTP2 


PPOLP2; ADP-ribosyltransferase (NAD+; poly (ADP-ribose) polymerase) 
pseudogene 2 


ADRBIC1 


"Hs. 83636; GRK2; BARIC1; adrenergic, beta, receptor kinase 1" 


ADRBK2 


"GRK3; BARK2; adrenergic, beta, receptor kinase 2" 


ADSL 


adenylosuccinate lyase; adenylosuccinase 


ADSS 


adenylosuccinate synthase 


AFG3L1 


"AFG3 (ATPase family gene 3, yeast)-like 1; AFG3" 


AFG3L2 


"AJFG3 (ATPase family gene 3, yeast)-like 2" 


AGA 


Hs.21488; aspartylglucosaminidase 


AGL 


"Hs.904; amylo-l,6-gmcosidase, 4-alpha-glucanotransferase (glycogen 
debranching enzyme, glycogen storage disease type III)" 
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Name 


description, of Enzyme 


AGP ATI 


" l-acylglycerol-3 -phosphate O-acyltransf erase 1 (lysophosphatidic acid 
acyltransf erase, alpha); LPAAT-ALPHA; G15; lysophosphatidic acid 
acyltransf erase alpha" 


AGPS 


alkylglycerone phosphate synthase; ADHAP; ADHAP-PEN; alkyl- 
dihydroxyacetonephosphate; ADAS; ADPS; ADHAPS; ADAP-S; AXJDHP SY 


AGXT 


SPAT; Hs.81554; alanine- glyoxyl ate aminotransferase (oxalosis I; 
hyperoxaluria I; glycolicaciduria; serine-pyruvate aminotransferase) 


AHCY 


Hs.851 1 1; S -ad enosylhomo cysteine hydrolase 


AHCYL1 


XPVKONA; S-adenosylhomocysteine hydrolase-like 1 


ATrltfR 


AHH; aryl hydrocarbon hydroxylase regulator 


AIED 


"OA2; Aland island eye disease (Forsius-Eriksson ocular albinism, ocular 
albinism type 2)" 


AK1 


adenylate kinase 1 


AIC2 


adenylate kinase 2 


AK3 


adenylate kinase 3 


AK3P1 


adenylate kinase 3 pseudogene 1 


AKAP1 


"AKAP84; AKAP84-PEN; A kinase anchor protem(spermatid, p84)" 


AKAPIO 


D-AKAP2; AKAP 1 0-PENDING ; A kinase (PRKA) anchor protein 10 


AKAP1 1 


A kinase (PRKA) anchor protein 1 1 ; AKAP 220; ICI AA0629 


AKAP13 


BRX; HT31; AICAP 1 3 -PENDING; A kinase (PRKA) anchor protein 13 


AKAP2 


AKAP-KL; KIAA0920; AICAP 2 -PENDING; DKFZP564L0716; A lcinase 
(PRKLA) anchor protein 2 


AKAP3 


SOB1; AICAP 1 10; AKAP 3 -PENDING; A kinase (PRKA.) anchor protein 3 


AKAP4 


PS2; FSC1; AKAP82; HAKAP82; AKAP4-PENDING; A lcinase (PRKA) 
anchor protein 4 


AKAP5 


AICAP 75; AKAP 79; AICAP 5 -PENDING; A kinase (PRKA) anchor protein 5 


AKAP7 


AICAP 1 8; AKAP 7 -PENDING; A kinase (PRKA) anchor protein 7 


AKAP8 


AKAP95; AKAP 8 -PENDING; DKFZP586B1222; A kinase (PRKA) anchor 
protein 8 


AICAP9 


YOT1AO; CG-NAP; AKAP450; AKAP350; AKAP 120; KIAA08O3; A kinase 
(PRICA) anchor protein 9 


AKR1A1 


"aldo-keto reductase family 1, member Al (aldehyde reductase); ATT?" 


AKR1B1 


"ALDR1; aldo-keto reductase family 1, member TBI (aldose reductase); 
aldehyde reductase 1 (low Km aldose reductase); Hs.75313; AR" 


AKR1C1 


"DDH1; dihydrodiol dehydrogenase 1 (trans- 1 ,2-dihydrobenzene- 1 ,2-diol 
dehydrogenase, high affinity bile acid binding); Hs.78183; DDH; 1VDBAB" 


AKR1C2 


"DDH2; dihydrodiol dehydrogenase 2 (trans- 1 ,2-dihydrobenzene- 1 .,2-diol 
dehy dro genase) " 


AKK 1 C3 


"aldo-keto reductase family 1, member C3 (3 -alpha hydroxy steroid 
dehydrogenase, type H); KIAA01 1 9" 


AKR1C4 


CHDR; chlordecone reductase; Hs.76790 


AKR1D1 


"SRD5B1; aldo-keto reductase family 1, member Dl (delta 4-3-ketosteroid-5- 
beta-reductase); steroid-5-beta-reductase, beta polypeptide 1 (3-oxo-5 beta- 
steroid delta 4- dehydrogenase beta 1)" 


AJCR7A2 


*' aldo-keto reductase family 7, member A2 (aflatoxin aldehyde reductase); 
AFAR; AKR7" 


AKE.7A3 


"aldo-keto reductase family 7, member A3 (aflatoxin aldehyde reductase)" 
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Description of Enzyme 


AICT3 


"v-akt murine thymoma viral oncogene homolog 3 (protein kinase B, gamma); 
protein kinase B gamma; PKBG; PRKBG; RAC-gamma" 


ALAD 


"aminolevulinate, delta-, dehydratase" 


ALAS1 


"Hs.78712; ALAS; aminolevulinate, delta-, synthase 1; Hs.2530" 


ALAS2 


"Hs.79103; ASB; aminolevulinate, delta-, synthase 2 
(sideroblastic/hypochromic anemia)" 


ALDH1 


"aldehyde dehydrogenase 1, soluble; Hs.76392; PLTMBl" 


ALDH 1 0 


SLS; aldehyde dehydrogenase 10 (fatty aldehyde dehydrogenase); Sjogren- 
Larsson syndrome; FAPDH 


ALDH2 


"Hs. 74630; aldehyde dehydrogenase 2, mitochondrial" 


ALDM3 


Hs.575; aldehyde dehydrogenase 3 


ALDH4 


aldehyde dehydrogenase 4 (glutamate gamma-semialdehyde dehydrogenase; 
pyrrol ine-5-carboxylate dehydrogenase); P5CDh 


ALDH5 


ALDHX; aldehyde dehydrogenase 5 


ALDH5A1 


SSADH; NAD+ -dependent succinic serai aldehyde dehydrogenase; SSDH 


ALDH6 


Hs.75746; aldehyde dehydrogenase 6 


ALDH7 


aldehyde dehydrogenase 7 (NOTE: redefinition of symbol); Hs.31 16; ALDH4; 
Hs.2533 


ALDH8 


aldehyde dehydrogenase 8; Hs.87539 


ALDH9 


"aldehyde dehydrogenase 9 (gamma- aminobutyraldehyde dehydrogenase, E3 
isozyme)" 


ALDOA 


"Hs.751Sl; aldolase A, fructose-bisphosphate" 


ALDOAP1 


"aldolase A, fructose-bisphosphate pseudogene 1" 


ALDOAP2 


"aldolase A, fructose-bisphosphate pseudogene 2" 


ALDOB 


"aldolase B, fructose-bisphosphate; Hs.75592; ALD02" 


ALDOC 


"aldolase C, fructose-bisphosphate" 


ALDRL1 


aldehyde reductase (aldose reductase)-like 1 


ALDRL2 


aldehyde reductase (aldose reductase)-like 2 


ALDRL3 


aldehyde reductase (aldose reductase) -like 3 


ALDKI4 


aldehyde reductase (aldose reductase)-like A 


ALDRP 


aldehyde reductase (aldose reductase) pseudogene 


ALK 


anaplastic lymphoma kinase (ICi-1) 


ALOX12 


arachidonate 1 2-lipoxygenase; Hs.1200 


ALOX12B 


"ar a chi donate 1 2-lipoxygenase, 12R type" 


ALOX12P1 


ALOX12P; arachidonate 1 2-lipoxygenase pseudogene 1 


ALOX12P2 


arachidonate 1 2-lipoxygenase pseudogene 2 


ALOX15 


arachidonate 15-lipoxygenase; Hs.73809 


ALOX15B 


"arachidonate 15-lipoxygenase, second type" 


ALOX5 


arachidonate 5 -lipoxygenase; Hs. 89499 


ALOX5AP 


arachidonate 5 -lipoxygenase- activating protein; FLAP 


ALP) 


"alkaline phosphatase, intestinal" 


ALPL 


"alkaline phosphatase, liver/bone/kidney; Hs.2241; HOPS; TINTS ALP; tissue- 
nonspecific ALP" 


ALPP 


"Hs.73847; alkaline phosphatase, placental (Regan isozyme)" 


ALPPL2 


"alkaline phosphatase, placental- like 2" 


AJVIDl 


Hs.75744; S-adenosylmethionine decarboxylase 1 
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Description of Enzyme 


AMD2 


S-adenosylmethionine decarboxylase 2 (pseudogene); AJVLD; S- 
adenosylmethionine decarboxylase 2 


AJVIPD 1 


adenosine monophosphate deaminase 1 (i so form JVT) 


AIV1PD2 


adenosine monophosphate deaminase 2 (lsoform L) 


AMPD3 


Ms. 83 9 18; adenosme monophosphate deaminase 3 (lsofonn E) 


AMT 


Hs.102; aminomethyl transferase (glycine cleavage system protein T) 


AMY1A 


"AMY1; amylase, alpha 1A; salivary" 


AMY1B 


"ALVTYl; amylase, alpha IB; salivary" 


ALVIY1C 


"AMYl; amylase, alpha 1C; salivary" 


AjVTY2A 


"AjvTy2; amylase, alpha 2A; pancreatic" 


AMY2B 


"ALVIY2; amylase, alpha 2B; pancreatic" 


AMYP1 


"A3V1Y2P; amylase, alpha pseudogene 1" 


ANG 


"angiogenin, ribonuclease, RISTase A- family, 5; R1NFASE5" 


ANPEP 


n Hs.l239; PEPN; CD 13; alanyl (membrane) aminopeptidase (aminopeptidase 
1ST, aminopeptidase 3V1, microsomal aminopeptidase, CD 13, pl50) M 


ANXA2 


"ANX2; CAL1H; arylsulfatase B; Hs.74470; LIP2; LPC2D; AKTX2L4; arm ex in 
II (lipocortin II); calpactin I, heavy polypeptide (p36)" 


ANXA3 


*A>JX3; Hs.1378; annexin III (lipocortin III, 1 ,2-cyclic-inositol -phosphate 
phosphodiesterase, placental anticoagulant protein III, calcimedin 35-alpha) n 


AOAH 


Hs. 82542; acyloxyacyl hydrolase (neutrophil) 


AOC2 


"amine oxidase, copper containing 2 (retina-specific); RAO; DA02" 


AOC3 


"VAP-1; amine oxidase, copper containing 3 (vascular adhesion protein 1)" 


AOE372 


thioredoxin peroxidase (antioxidant enzyme) 


AOX1 


aldehyde oxidase 1; AO 


APAA 


N-acetyl glue os amine- 1 -phosphodiester alpha-N-acetylglucosaminidase; 
LOC5 1 172 


APAF1 


apoptotic protease activating factor 1 ; CED4 


APCIO 


DOC 1 ; anaphase-promoting complex 1 0 


APEH 


D3S48E; Hs. 78223; KT-acylaminoacyl-peptide hydrolase 


APEX 


APE; APEX nuclease (multifunctional DNA repair enzyme); REF1; HAP1; 
apurinic/apyrimidinic (abasic) endonuclease 


APP 


"amyloid beta (A4) precursor protein (protease nexin-H, Alzheimer disease); 
Hs.74600; AD1" 


APRT 


adenine pho sphorib osyltr an sf erase 


APT61Vf8-9 


"ATPase, transporting, lysosomal (vacuolar proton pump) membrane sector 
associated protein M8-9" 


AR 


androgen receptor (dihydrotestosterone receptor; testicular feminization; spinal 
and bulbar muscular atrophy; Kennedy disease); Hs.99915; DHTR; SB1VLA; 
AIS; NR3C4; Hs.1241 


ARD 1 


"TE2; N-acetyl transferase, homolog of S. cerevisiae ARD1" 


ARG1 


"Hs.77600; argmase, liver" 


ARG2 


argmase, type H; Hs.79338" 




Rho GTPase activating protein 1; RhoGAP; p 5 Orho GAP 




Rho GTPase activating protein 4; KLIAA0131; CI; pi 15; RhoGAP 4 


AJRPIGAP5 


RVlo GTPase artivntina nrnlein ^ • «1 Qft-R' T?"hnrJAP^ 


ARHGAP6 


Rho GTPase activating protein 6; rhoGAPX- 1 


AJR.SA 


Hs. 8825 1 ; arylsulfatase A 
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ARSB 


arylsulfatase B; Hs.1256 


ARSC2 


"ARSC; arylsulfatase C, isozyme F" 


ARSD 


arylsulfatase D; Hs.43887 


ARSDP 


arylsulfatase T> pseudogene 


ARSE 


COPX; CDPX1; arylsulfatase E (chondrodysplasia punctata 1) 


ARSEP 


arylsulfatase E pseudogene 


ARSF 


til y loullalO-oC -L 


ART1 


ADP-nbosvltra-nsferase 1 * ART2 


ART2P 


* 1 - A "T" < >r>_ -HV>ncv1 trs^Ti c;fi=»"r~s* c:* 11 rv^PiiHncrpnp / t£ * 1 anti cpti I^TFifX hnmolncrV 

ART IP 


ART3 


AX>P-ribosyltransferase 3; ADP-ribosyltransferase 3 


ART4 


ADP-ribosyltransferase 4 


AS AH 


N-acylsphingosine amidoliydrolase; AC 


ASIC 


activator of S phase kinase 


ASL 


Hs.6125 8; argininosuccinate lyase 


ASLL 


argininosuccinate lyase-like 


ASM3A 


acid sphingornyelinase-like phosphodiesterase 


ASIVET 


acetyl serotonin O -methyl transferase; HIOIVIT 


ASIVTTL 


acetyl serotonin JST-methyltransferase-like 


ASNS 


asparagine synthetase 


ASNSL1 


asparagine synthetase-like 1 


ASNSL2 


asparagine synthetase- like 2 


ASPA 


"aspartoacylase (aminoacylase 2, Canavan disease); Hs.32042; ASP" 


ASFH 


aspartate beta-hydroxylase 


ASS 


"argininosuccinate synthetase; Hs. 76753; ASS1; CTLN1; citrullinernia, classic" 


ASSP1 


argininosuccinate synthetase pseudogene 1 


ASSPIO 


argininosuccinate synthetase pseudogene 10 


ASSP1 1 


argininosuccinate synthetase pseudogene 1 1 


ASSP12 


argininosuccinate synthetase pseudogene 12 


ASSP13 


argininosuccinate synthetase pseudogene 13 


ASSP14 


argininosuccinate synthetase pseudogene 14 


ASSP2 


argininosuccinate synthetase pseudogene 2 | 


ASSP3 


argininosuccinate synthetase pseudogene 3 


ASSP4 


argininosuccinate synthetase pseudogene 4 


ASSP5 


arginino succinate synthetase pseudogene 5 


ASSP6 


argininosuccinate synthetase pseudogene 6 


ASSP7 


argininosuccinate synthetase pseudogene 7 


ASSP8 


argininosuccinate synthetase pseudogene 8 


ASSP9 


aTDrinmn^iiPfiTiJi+p cvrrvf - "! - * c*=» ncpiirino-pnp Q 


ATE1 


arginyl transferase 1 


ATIC 


5— arninoirnidazole— 4-carboxamide ribonucleotide fbrnvyltransferase/IlVLP 
cyclohydrolase; PTJRH; AICARFT/I1VIPCHASE 


ATP-BL 


"ATP synthase, subunit b-like" 


ATP1A1 


"ATPase, lSTa+ZK-h transporting, alpha 1 polypeptide" 


ATP1A2 


"ATPase, Na+/K+ Iran sporting, alpha 2 (-*-) polypeptide" ~~ * 
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Description of Enzyme 


ATP 1 A3 


M ATPa.se, Na+/K+ transporting, alpha 3 polypeptide" 


ATP 1 AL 1 


"Hs.1165; ATPase, lSFa-+-/K-H transporting, alpha polypeptide-lilce 1" 


ATP1AL2 


"ATPase, Na+/IC+ transporting, alpha polypepti de-like 2; ATP1A4" 


ATP1B1 


'ATPase, Na+/K+ transporting, beta 1 polypeptide; Hs.78629; ATP IB" 


ATP1B2 


"ATPase, Na+/K+ transporting, beta 2 polypeptide; Hs.90792; AMOG; 
Hs.78854" 


ATP1B3 


'ATPase, Na+/K+ transporting, beta 3 polypeptide" 


ATP1B3P1 


"ATPase, Na+/K+ transporting, beta 3 pseudogene 1" 


ATP1B4 


"B4 ATPase, (NaH-)/K-4- transporting, beta 4 polypeptide; X,K-ATPase beta-m 
subunit" 


ATP1BL1 


"ATPase, Na+/K+ transporting, beta polypeptide-lilce 1" 


ATP1G1 


"ATPase, Na+/K+ transporting, gamma 1 polypeptide" 


ATP2A1 


"ATP2A; SERCA1 ; ATPase, Ca++ transporting, cardiac muscle, fast twitch 1 " 


ATP2A2 


"DAR; Darter disease 0ceratosis follicular is); ATPase, Ca++ transporting, 
cardiac muscle, slow twitch 2; Hs.1526; ATP2B; SERCA2" 


ATP2A3 


"ATPase, Ca++ transporting, ubiquitous" 


ATP2B1 


"PMCA1; ATPase, Ca++ transporting, plasma membrane 1" 


ATP2B2 


"ATPase, Ca++ transporting, plasma membrane 2 (NOTE: redefinition of 
symbol); Hs.89512; PMCA2" 


ATP2B3 


"Hs.2009; PMCA3; ATPase, Ca++ transporting, plasma membrane 3" 


ATP2B4 


"lis. 99 5; PMCA4; ATP2B2; ATPase, Ca-H- transporting, plasma membrane 4" 


ATP 3 


"ATPase, Mg++ transporting" 


ATP4A 


"ATP 6 A; ATPase, H-+YK+ transporting, alpha polypeptide" 


ATP4B 


"ATP6B; ATPase, HH7K+ transporting, beta polypeptide" 


ATP 5 


•ATP synthase, H+ transporting, mitochondrial; Hs.73S51; ATPM; ATP 5 A" 


ATP5A1 


"ATP5A; ATP synthase, H+ transporting, mitochondrial Fl complex, alpha 
subunit, isoform 1, cardiac muscle; Hs.l 182; OMR.; ATPIV1" 


ATP5A2 


"ATP synthase, H-+ transporting, mitochondrial Fl complex, alpha subunit, 
isoform 2, non- cardiac muscle" 


ATP5AL1 


"ATP synthase, Pi-!- transporting, mitochondrial Fl complex, alpha subunit, 
isoform 1 , cardiac muscle- like 1 " 


ATP5AL2 


"ATP synthase, H+ transporting, mitochondrial 1 Fl complex, alpha subunit, 
isoform 2, non-cardiac muscle-like 2" 


ATP5AP1 


"ATP synthase, H>+ transporting, mitochondrial Fl complex, alpha subunit, 
pseudogene 1 " 


ATP5AP2 


"ATP synthase, 11+ transporting, mitochondrial Fl complex, alpha subunit, 
pseudogene 2" 


ATP5AP3 


"ATP synthase, H-+- transporting, mitochondrial Fl complex, alpha subunit, 
pseudogene 3" 


ATP5B 


"Hs.25; ATPSB; ATP synthase, H> transporting, mitochondrial Fl complex, 
beta polypeptide" 


ATP5BL1 


"ATPSBL1 ; ATP synthase, H+ transporting, mitochondrial Fl complex, beta 
polypeptide-like 1 " 


ATP5BL2 


"ATPSBL2; ATP synthase, H-+- transporting, mitochondrial Fl complex, beta 
polypeptide-like 2" 


ATP5C1 


"ATP5C; ATP synthase, H+ transporting, mitochondrial Fl complex, gamma 
polypeptide 1" 
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Description of Enzyme 


ATP5C2 


"ATP synthase, H~f~ transporting, mitochondrial Fl complex, gamma 
polypeptide 2" 


ATP'SCT 1 

X. X «— / V_^J_f X 


".A.TP synthase, H~t* transporting, rnitochondrial Fl complex, gamma 
polypepti de-like 1" 


JV J XT J V ^ \ — ijl* 


" A J 1 'Ty c"\/-n+T->«*c<^ T—f — \— trflncnnr+ino •mi'lv>/"'Vj<'vrn'1"T""in1 1 (~\ i 1 1 -m 1 f*~v onnim^ 

-^V X X OJflllllaoC, XI i U CUl&pUI lllig, 11X1 H_J UiiUI 1 k_ll lal J. X V»*JXX1J_JXv»..i>^., £^<3X1XXXXcL 

polypeptide- like 2" 


ATP5D 


"Hs. 89761; ATP synthase, H-+- transporting, mitochondrial Fl complex, delta 
subunit" 


ATP5E 


"ATP synthase, H-f- transporting, mitochondrial Fl complex, epsilon subunit" 


ATP5EP1 


ATTP c\/Titrisicp 1— tv^t** cnnrfin cr rn ltnrliriTiHTi al "PI f*.r»iTml p y f=*T"*ci 1 r»n QiiTiiin 1 + 

XT. 1 1^ o y 11 LllClbt;, XJL 1 Ll ClllOpUl Ull^ ; 1J1J L\JL<ilkJil\^l 1 CIA X X V- ' 111|J1C-A. 5 C^|JollVJll oUUUllil 

pseudogene 1" 


ATP5F1 


"Uc 77 1 QO' A' i ""P cvnthaQp T— T-i- tTarKsnnrl ino - mitocVinndri al T^O rnmnlex 

1 lo. / / X ^' ^ - V X XT OJ'il lXlaoC> 3 XX ' LI O.110JJVJ1 Lillgj ? X XXX tWli vJXXVXX X CXX X. V/ ^/\JlXl|yi^iV 7 

subunit b, isoform 1" 


ATP5G1 


M Al'M ovrii'liaop T-T— 1- f-ra-rt cnnrfin cr rn t Tr^r* t~k r^T"i r\ T"i 13 1 T-<0 f*nmri1p"Y ci i Vn mit c* 
X X lllliaoC^ XX * tiallDjJUi L1X1^ ? J I JL1 Lv^V^AJ.V_JXJ-\»J.l Idl X \-J \~rVJ± X. ll^lCAj o LX l_J I— LX lit V-y 

(subunit 9), isoform 1; ATP5G" 


.rt. -L rjvjrZ 


i X o 11 lilcioC-'-, XI • LI <X±lz>^_-?^_Jl LllXg^ IlllLUUlUJllUllcll *T \J UUllipiCA, oUU IX 11 1 U W 

(subunit 9), isoform 2" 


ATP5G3 


rv ir o _y 1 i Liiabc, x x ' li aixc>|jui uiig, nil luoiivjxiui i«ax x w ^^jxxxijxcjt, sliljlxxxxl ^ 

(subunit 9) isoform 3" 


ATP5GP1 


"ATP synthase, H-t- transporting, mitochondrial FO complex, subunit c (subunit 
9) pseudogene 1" 


ATP5H 


"ATP synthase, H+ transporting, mitochondrial FO complex, subunit d" 


ATP 5 1 


"ATP synthase, H-f- transporting, mitochondrial FO complex, subunit e 
(? oligomycin sensitivity conferring protein)" 


ATP5J 


"ATP synthase, H-J- transporting, mitochondrial FO complex, subunit F6" 


ATP5J2 


"ATP5JT; F 1 FO- ATP ASE; ATP 5 J2 -PENDING; ATP synthase, H+ 
transporting, mitochondrial FO complex, subunit f, isoform 2" 


ATP5JD 


"ATP synthase, H i- transporting, mitochondrial FIFO, subunit d" 


ATP5JG 


"ATP synthase, 11+ transporting, mitochondrial FIFO, subunit g" 


ATP50 


X X «Z> Jr -1 A LX J. <X ov^ 5 XX 1 LI CUloL/Ul Xill tUwllwllLlJ J iX J. X X \sKJLI.x l-'l C>y*_ ? V -» oLlLrlXlXIL 

(oligomycin sensitivity conferring protein); lis. 765 72; OSCP; ATPO" 


ATP 6 A 1 


xio.Jiz.iu, v xr xr -ir, x. x ct b> c 5 xi~ u<niopoi ling, iy boso xTitii ^vdL/UOial prOXOIl pump 1 , 

alpha polypeptide, 701cD, isoform 1 " 


ATP6A2 


T—T ^ Af) •■ vHPy * 1 T^S* cp X-T— l— tT5H*l Cl^n*H"iTl Cr Ivcncnmal f "V7^caj^»"i mlor -r*->-i-i r ^»+/^\t-i ^-v-* -r-^^V 
xxo.uvj, v x x -t*. x x uoc 3 x x r ix <ii 1 to LXUJ. i, J i iyoUl>Ulllal 1^ Vd.o UUJdl \r LOll piXXXxp J s 

alpha polypeptide, 70kT_>, isofonn 2" 


ATP6B 1 


56/581cD, isoform 1; Hs.1009; VPP3; V- ATP ASE; VATB" 


ATP6B2 


-£ -M- -M- c^\->\^ 7 -i- J- * ti aiioj^ui Liiigj ij Jvfouiiiai \^ Ya'w/UUJo-l JJI U LUIi UX J-XJJ^ 9 LJC^Ld JJ1 J I V pcpT-j Q€T-» 

56/58kE), isoform 2; Hs. 56298; VPP3; Hs.1697" 


ATP6C 


"Hs.76159; ATPL; ATP as e, ¥L+ hansporting, lysosomal (vacuolar proton pump) 
16kT>" 


ATP6D 


"Hs.86905; ATPase, IT+ transporting, lysosomal (vacuolar proton pump) 421cE> n 


ATP6DV 


"vacuolar proton -ATPase, subunit D; V-ATPase, subunit JD" 


ATP6E 


"Hs.77805; ATPase, H+ transporting, lysosomal (vacuolar proton pump) 311cE>; 
Hs.74105" 


ATP6EL1 


"ATPase, transporting, lysosomal (vacuolar proton pump) 31kT_>-like 1" 


ATP6EP1 


"ATPase, H+ transporting, lysosomal (vacuolar proton pump) 3 llcID 
pseudogene 1" 
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Description of Enzyme 


ATP6BP2 


"ATPase, H+ transporting, lysosomal (vacuolar proton pump) 31kD 
pseudogene 2" 


ATP6F 


"ATPase, H-+- transporting, lysosomal (vacuolar proton pump) 21k_D" 


ATP6G 1 


"ATPase, H-t- transporting, lysosomal (vacuolar, proton pump)" 


ATP6H 


"ATPase, H-f- transporting, lysosomal (vacuolar proton pump) 9kD" 


A.TP6J 


"ATPase, H+ transporting, lysosomal (vacuolar proton pump), member J; 
ATP6GL" 


ATP6N1A 


"ATP6TST1; ATPase, H+ transporting, lysosomal (vacuolar proton pump) non- 
catalytic accessory protein 1A (110/1 1 61-dD); "VPP1; vacuolar proton pump, 
subunit 1" 


ATP6N2 


"ATPase, H-+- transporting, lysosomal (vacuolar proton pump) non-catalytic 
accessory protein 2 (38kT3)" 


ATP6S1 


"ATPase, ER- transporting, lysosomal (vacuolar proton pump), subunit 1 ; ORJF; 
XAP-3; VATPS1; 16 A" 


ATP6S14 


"ATPase, vacuolar, 14 lcD" 


ATP7A 


"Hs.606; 1VLNIC; ATPase, Cu++ transporting, alpha polypeptide (Menkes 
syndrome)" 


ATP7B 


"ATPase, Cu++ transporting, beta polypeptide (Wilson disease); Hs. 84999; 
WM) M 


ATPC2B 


"ATPASEP; ATPase, class 2, member b; ATPase type IV, phospholipid 
transporting (P-type) (putative)" 


ATPP2 


ATPASEII; aminophospholipid translocase 


ATRN 


attractin (with dipeptidylpeptidase TV activity) 


AUH 


AU RJNA -binding prolein/enoyl-Coenzyme A hydrates e 


AXL 


Hs. 83341; A>GL receptor tyrosine lcitiase 


B3GALT1 


"UDP-Gal:betaGlcNAc beta 1, 3 -galactosyltransferase, polypeptide 1; 
BETA3GAL-T1 " 


B3GALT2 


"beta-l,3-glucuronyltransferase 2 (glucuronosyltransferase S); BETA3 GAL-T2; 
TJIXP-GalibetaGlc^NAc beta 1 ,3 -galactosyltransferase, polypeptide 2; GlcAT-S" 


B3GALT3 


"BET A3 GAL-T3 ; TJX>P-Gal rbetaGlclSTAc beta 1 ,3 -galacto syltransferase, 
polypeptide 3" 


B3GALT4 


"BETA3GAL-T4; UDP-Gal rbetaGlclSTAc beta 1,3 -galactosyltransferase, 
polypeptide 4" 


B3GALT5 


"XJDP-Gal:betaGlcNAc beta 1,3 -galactosyltransferase, polypeptide 5; 
beta3Gal-T5" 


B4GALT1 


GGTB2; Hs.80881; glycoprotein-4-beta-galactosyltrarisf erase 2 


B4GALT2 


"IJDP-GahbelaGlcNAc beta 1,4- galactosyltransferase, polypeptide 2; 
beta4Gal-T2" 


B4GALT3 


"BETA4GAL-T3 ; UDP-Gal rbetaGlcNAc beta 1,4- galactosyltransferase, 
polypeptide 3" 


B4GALT4 


"BETA4GAL-T4; UDP-Gal .betaGIcNAc beta 1,4- galactosyltransferase, 
polypeptide 4" 


B4GALT5 


"UDP-Gal rbetaGlclsT Ac beta 1,4- galactosyltransferase, polypeptide 5; 
beta4GalT-V; beta4-GalT IV" 


B4GAXT6 


,f UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 6" 


B4GALT7 


"xylosylprotein beta 1,4 -galacto syltransferase, polypeptide 7 
(galactosyltransferase I); XGPT1; XGALT- 1 ; beta4Gal-T7" 
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Description of Enzyme 


B99 


vj i on- i, xia. i^zj jz, vjtljsc i ^mousc j jioiiiuiog, o i om, o two o pnase 
expressed protein 1 


"R A A TP 


BATj bile acid Coenzyme A-i amino acid r*T— acyl transferase (glycine 2ST— 
choloyltransferase) 


p API 


BRCA1 associated protein— 1 (ubicjuitin c arb oxy- ten nin a 1 hydrolase); ubicjuitin 
carboxy-terminal hydrolase 


BBOX 


"BBH; G-BBH; GAMMA-BBH; butyrobetame (gamma), 2,-oxoglutarate 
dioxygenase (gamma-butyrobetaine hydroxylase) " 


BCAT1 


"BCT1; branched chain aminotransferase 1, cytosolic" 


BCAT2 


"BCT2; branched chain aminotransferase 2, mitochondrial" 


BCHE 


butyrylcholinesterase; El; CHE1 


BCHEL 1 


butyrylcholinesterase-like 1; CHEL1 


BCHEL3 


butyrylcholinesterase-like 3; CHEL3 




M Hs.78950; branched chain keto acid dehydrogenase El, alpha polypeptide 
(maple syrup urine disease)'* 


BCKDHB 


"Us. 1265; branched chain keto acid dehydrogenase El, beta polypeptide 
(maple syrup urine disease)" 


BCICDIC 


branched chain alpha-lcetoacid dehydrogenase kinase 


BCPIV1 


benign chronic pemphigus (Hailey-Hailey disease) 


BDH 


"3-hydroxybutyrate dehydrogenase (heart, mitochondrial)" 


BETA3GNT 


"beta-l , 3 -N-acetylglucosaminyl transferase" 


BETA3GNIT 


"i-beta- 1 , 3 -N- acetyl glucosaminyltransf erase" 


BIIMT 


betaine- homocysteine methyl transferase 


BLK 


B lymphoid tyrosine kinase; Hs.2243 


BLTvIH 


bleomycin hydrolase 


BLVRA 


BLVR.; biliverdin reductase A 


BLVRB 


biliverdin reductase B 


■RTvrp»T? 1 A 
-tj ivi x rv l^v 


" A.CWRXJKL3; bone morphogenetic protein receptor, type IA.; A T TC 3 * activin A. 
receptor, type II-like kinase 3*' 


B1VTPR2 


"bone morphogenetic protein receptor, type II (serine/threonine kinase); BRJKL-3; 
T-AXJC; B3VLPR3; BMPR-H" 


BMX 


BMX non-receptor tyrosine kinase; ETK; FSCTTC2 


BPGM 


"Hs. 79537; 2,3 -bisphosphogly cerate mutase" 


BPHL 


biphenyl hydrolase-like (serine hydrolase); DOS2254E; MCNAA; Bph-rp 


BPNT 1 


"3*(2 1 ), 5' -bisp ho sphate nucleotidase 1" 


BID 


Hs. 78885; biotinidase 


BTK 


Bruton agammaglobulinemia tyrosine kinase; AXIC; XLA; EV£D1* AOIVXXl • 
PSCTIC1 


CA1 


Hs.231 18; carbonic anhydrase I 


CAIO 


carbonic anhydrase X 


CA11 


carbonic anhydrase XI; CARP2 


CA12 


carbonic anhydrase XII 


CA2 


Hs. 89748; carbonic anhydrase II; Hs. 78883 


CA3 


"carbonic anhydrase III, muscle specific" 


CA4 


carbonic anhydrase IV; Hs.89485; CATV 


CA5A 


"CA5; carbonic anhydrase VA, mitochondrial; carbonic anhydrase V, 
mitochondrial; Hs.137; CAV; CAVA" 
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CA5B 


"carbonic anhydrase VB, mitochondrial' * 


CA5P 


carbonic anhydrase V pseudogene 


CA6 


Hs . 7 3 8 5 5 ; carb oni c anhydrase VT 


CA7 


carbonic anhydrase VTI 


CA8 


carbonic anhydrase VIII; CALS; CARP 


CA9 


carbonic anhydrase IX; MBNT 


CAD 


"carbamoyl -phosphate synthetase 2, aspartate trans carb amylase, and 
dihydroorotase" 


CALM1 


"calmodulin 1 (phosphorylase kinase, delta); Hs. 73785; CAMI; PHKD; DID 132; 
CALML2" 


CALM1P1 


"calmodulin 1 (phosphorylase kinase, delta) pseudogene 1" 


CALM1P2 


"calmodulin 1 (phosphorylase kinase, delta) pseudogene 2" 


CALM2 


"PHKD; CAMII; calmodulin 2 (phosphorylase lcinase, delta)" 


CALM3 


"FHKLD; calmodulin 3 (phosphorylase kinase, delta)" 


CAMKL1 


calcium/c aim odul in-dependent protein kinase I; CAMIC1-PEN; CaMKI 


CAMK2A 


CAJVTICA; calcium/calmodulin- dependent protein kinase (CaM kinase) 11 alpha; 
KIAA0968 


CAMJKL2I3 


CAEvQCB; calcium/calmodulin-dependent protein kinase (CaM lcinase) H beta 


CAMK2D 


CAMKD; calcium/calmodulin-dependent protein kinase (CaM kinase) II delta; 
CaMKII delta 


CAM3C2G 


CAMKG; calcium/calmodulin-dependent protein kinase (CaM kinase) U 
gamma 


CAMK4 


calcium/calmodulin-dependent protein lcinase IV; Hs.348 


CAMIOC1 


"calcium/calmodulin-dependent protein kinase kinase 1 , alpha; CaMKJBCa" 


CAMICIC2 


"calcium/calmodulin-dependent protein kinase kinase 2, beta; CaMKIC; 
CaMKKb; KJAA0787" 


CANPIX 


calpain-like protease 


CAP1 


"CAP 1 -PEN; adenylyl cyclase- associated CAP protein, yeast homo log" 


CAP2 


adenylyl cyclase-associated protein 2 


CAPN7 


calpain 7; calpain like protease; PalBH 


CARKL 


carbohydrate kinase-like 


CARM1 


coactivator-associated arginine methyltransferase- 1 


CARS 


Hs. 16642; cysteinyl-tPJSTA synthetase 


cask: 


calcium/calmodulin-dependent serine protein kinase (MAGUK family) 


CASKP 


calcium/calmodulin-dependent serine protein lcinase (MAGUK family) 
pseudogene 


CASP1 


"IE1BC; caspase 1, apoptosis-r elated cysteine protease (interleulcin 1, beta, 
convertase); Hs.2490; ICE" 


CASP10 


"caspase 10, apoptosis-related cysteine protease; MCH4" 


C ASP 1 3 


"caspase 13, apoptosis-related cysteine protease; ERICE" 


CASP2 


"NEDD2; caspase 2, apoptosis-related cysteine protease (neural precursor cell 
expressed, developmen tally down-regulated 2); ICH1" 


CASP3 


"CPP32B; caspase 3, apoptosis-related cysteine protease; Yama; CPP32; 
apopain" 




"caspase 4, apoptosis-related cysteine protease; XX; ICH-2; ICErel-II" 


CASP5 


"caspase 5, apoptosis-related cysteine protease; ICErel-IU" 


CASP6 


"caspase 6, apoptosis-related cysteine protease; MCH2" 
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CASP7 


"caspase 7, ap opto sis -related cysteine protease; MCH3; CMH-1; ICE-LAP 3" 


CASP8 


"caspase 8, apoptosis-related cysteine protease; MACH; MCH5; FLICE" 


CASP9 


"caspase 9, apoptosis-related cysteine protease; APAF3; MCH6; ICE-LAP6" 


CAT 


Hs.76359; catalase 


CAXIV 


CA13; carbonic anhydrase 13 


CBR1 


CBR; carbonyl reductase 1; Hs.88778; carbonyl reductase (NADPH) 


CBR3 


carbonyl reductase 3 


CBS 


cystathionine-beta- synthase; Hs*S4152 


CCAL1 


"CPDD; cbondrocalcinosis 1 (calcium pyrophosphate-deposition disease, early 
onset osteoarthritis)" 


CCAL2 


"cbondrocalcinosis 2 (calcium pyropbosphate-deposition disease, without 
osteoarthritis) " 


CCBL1 


"cysteine conjugate-beta lyase; cytoplasmic (glutamine transaminase IC, 
kyneurenine aminotransferase)" 


ceo 


central core disease of muscle 


CCS 


copper chaperone for superoxide dismutase 


CDA 


Hs.72924; CDD; cytidine deaminase 


CDC20 


"cell division cycle 20, S-cerevisiae homolog; p'55CDC; protein kinase 
associated protein, similar to s. cerevisiae cell division cycle proteins Cdc20 and 
Cdc4; P55CDC-LSB" 


CDC2L5 


cell division cycle 2-lilce 5 (cholinesterase-related cell division controller); 
CDC2L; CUED 


CDC42BPA 


MRCK; IvIRCICA; CDC42-binding protein kinase alpha (DlVIPK-like) 


CDC42BPB 


7VTRCICB; CD C4 2 -binding protein kinase beta (TDJVIPK-lilce) 


CDC42GA1 


CDC42GA1-PEN; CDC42 GTPase activating protein 1 


CDIC10 


"PISSLPJS; protein kinase, serine/threonine cdc2-related" 


CDIC2 


Hs. 99981; cyclin- dependent kinase 2; Hs. 19192 


CDIC3 


cycl in-dependent kinase 3 


CDK4 


PSIC- J3 ; cy clin-dependent kinase 4 


CDIC5 


Hs.2869; PSSALRJE; cyclin- dependent kinase 5 


CDK5R1 


"cyclin-dependent kinase 5, regulatory subunit 1 (p35); CDK5P35; p35; !STck5a; 
p35nck5a" 


CDK5R2 


"cyclin-dependent kinase 5, regulatory subunit 2 (p39); cyclin-dependent kinase 
5, regulatory subunit 2 (p39); p39; p39nck5ai" 


CDK6 


cyclin-dependent kinase 6; Hs. 38481; PLSTTRE 


CDK7 


Hs.83088; CAK1; CDKN7; cyclin-dependent kinase 7 (homolog ofXenopus 
IvlOl 5 cdk-activating kinase); STIC1 


CDK8 


cyclin-dependent kinase 8; IC35 


CDIC9 


CDC2L4; cyclin-dependent kinase 9 (CDC2-related kinase); PITALRE; TAK; 
C-2k 


CDKL1 


1 cyclin-dependent kinase-like 1 (CDC2-related kinase); KKIALRE 


CDICL2 


cyclin-dependent kinase-like 2 (CDC2-related kinase); P56; KJBCIAJVCRE; cyclin- 
dependent kinase-like 2 (CDC2-related kinase) 


CDICN1 A 


"cyclin-dependent kinase inhibitor 1A Qp21 s Cipl); Hs. 74984; P21; CJP1; 
WAF1; SDI1; CDKN1; CAP20" 


CDICN1B 


"KIPl; P27KIP1; cyclin-dependent kinase inhibitor IB (p27, Kipl)" 


CDKN1C 


"P57; ICIP2; cyclin-dependent kinase inhibitor 1C (p57, Klip2)" 
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CDKN2A 


" CDKN2; cyclin-dependent kinase inhibitor 2 A (melanoma, pi 6, inhibits 
CDK14); CT>K4I; MLM; Hs.1174; PI 6; INEC4; IvITSl; C3VLM2" 


CDKN2B 


"P15; 1VITS2; HSTEC4B; cyclin-dependent kinase inhibitor 2B (pi 5, inhibits 
CDK4) M 


CDKN2C 


n rNIC4C; cyclin-dependent kinase inhibitor 2C (pi 8, inhibits CDK4) " 


CDKN2D 


"cyclin-dependent kinase inhibitor 2D (p!9, inhibits CDIC4); INK4D" 


CDKN3 


cyclin-dependent kinase inhibitor 3 (CDK2~associated dual specificity 
phosphatase); Js_AJr*; LU1 1 


CDOl 


cysteine dioxygenase type I; Hs.3229 


CDS1 


CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 1 


CDS2 


CDP-diacylglycerol synthase (phosphatidate cytidylyl transferase) 2 


CEL 


lis .999 18; BSSL; carboxyl ester lipase (bile salt-stimulated lipase) 


CELL 


Hs.257; carboxyl ester lipase-like (bile salt- stimulated lipase-like) 


CEPT1 


choline/ethanolaminephospho transferase 


CES1 


CES2; carboxyl esterase 1 (monocyte/macrophage serine esterase 1); 
carboxylesterase 2 (liver); SES1; Hs.76688; HMSE; HMSE1 


CES2 


11 carboxyl esterase 2 (intestine, liver); intestinal carboxylesterase; liver 
carboxylesterase-2; iCE; CE-2; hCE-2" 


CH25H 


cholesterol 25 -hydroxylase; C25H 


CHAT 


choline acetyltransferase 


CHD 1 


chromo domain helicase DNA binding protein 1 


CHD1L 


CHDL; CHID 1 L-PEIsTDHSTG; chromodomain helicase DNA binding protein 
1 -like 


CHD2 


chromodomain helicase DNA binding protein 2 


CHD3 


chromodomain helicase DNA binding protein 3; JVTi-2a 


CHD4 


chromodomain helicase DNA binding protein 4; JvTi-2b 


S <~T 1 » vTt T -t 


CHDRL1-PEN; chlordecone reductase-like 1 


/ — "TTIATJ T O 

v^JtiJJiCJLx 


CHDRL2-PEN; chlordecone reductase-like 2 




-I ±iJN ; cnlorciec one reductase- like 3 


CHE2 


cholinesterase (serum) 2 


CHI3L1 


cmtmase 5-Iilce 1; 1 i CjI - 3 i' ; OP39; YKL4Q; YKL-40 




chitinase 3 -like 2 


CHIT1 


"chitinase 1; chitinase, chitotriosidase; CHIT-LSB; Hs.791 15; CHIT" 




Jtis. / i <^z* i, <^_isJ., cnoime icinase 




choline lcinase-like 


CHST1 


carbohydrate (chondroitin 6/lceratan) sulfotransferase 1; C6ST; KSGal6ST 


CHST2 


carbohydrate (chondroitin 6/keratan) sulfotransferase 2 


CHST3 


carbohydrate (chondroitin 6/keratan) sulfotransferase 3; C6ST; carbohydrate 
(chondroitin 6/keratan) sulfotransferase 3 


CHST4 


carbohydrate (N-acetylglucosamine 6-0) sulfotransferase 4; HEC-GLCNAC-6- 
ST; N-acetylglucosamine 6-0-sulfotransferase;-LSST 


CHUK 


conserved helix-loop-helix ubiquitous Icinase; IICK1; NFICBIKA; DdBKA; IKK- 
aipna, l^r io 


cfjlp 


"cartilage intermediate layer protein, nucleotide pyrophosphohydrolase" 


CIT 


"CRIK; STK21; KIAA0949; citron (rho -inter acting, serine/meorine kinase 21)" 


CKB 


"Hs.669; CICBB; creatine Icinase, brain" 
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Description of" Enzyme 


CICBB 


"creatine kinase, ectopic expression" 


CKJBPl 


creatine kinase B pseudogene 1 


CKJVT 


"creatine kinase, muscle; Hs.75635; CKJVCV1" 


CKMT1 


"CICMT; U1VETCIC; creatine kinase, mitochondrial 1 (ubiquitous)" 


CICJVIT2 


"Hs.80691; S2V1TCIC; creatine lcinase, mitochondrial 2 (sarcomeric)" 


CICS 1 


CDC28 protein kinase 1; Hs. 77550; CICS1(S. cerevisiae Cdc28/Cdc2 kinase 
subunit) homolog- 1 


CICS 2 


CDC28 protein kinase 2; Hs.8375 8; CJCS1(S- cerevisiae Cdc28/Cdc2 kinase 
subunit) homolog-2 


CLCINT1 


"C^I^C^l; chloride channel 1, skeletal muscle (Thomson disease, autosomal 
dominant)" 


CLCN5 


"NPHL2; chloride channel 5; Hs.3121; DENTS ; nephrolithiasis 2 (X-lmlced, 
Dent disease)'* 


CLIC1 


CLIC; CDC-lilce lcinase 


CLK2 


CDC- like lcinase 2 


CLK2P 


"CDC-like kinase 2, pseudogene" 


CLIC3 


CDC- like kinase 3 


CLN2 


"ceroid-lipofuscinosis, neuronal 2, late infantile (Janslcy-Bielschowsky disease)" 


CLN3 


"ceroid-lipofuscinosis, neuronal 3, juvenile (Batten, Spielmeyer-Vogt disease); 
Hs. 77479; BTS " 


CLN4 


"ceroid-lipofuscinosis, neuronal 4 (KLufs disease)" 


CLPP 


"ClpP (caseinolytic protease, ATP-dependent, proteolytic subunit, E. coli) 
homolog" 


CLPS 


"Hs.1340; colipase, pancreatic" 


CLPX 


"ClpX (caseinolytic protease X, E. coli) homolog; energy -dependent regulator 
of proteolysis" 


CMA1 


"chymase 1, mast cell" 


CTVLAII 


cytidine monophosphate-N-acetylneuraminic acid hydroxylase 
(CMP-N-acetylneuraminate mono oxygenase) 


CMAS 


CYTIDINE 5-PRTME^MONOPHOSPHATE N-ACETYEr^OEURAMINIC 
ACID SYNTHETASE 


CNK 


cytolcine-inducible lcinase; FISTIC; PRIC 


CNK1 


ICSR; connector enhancer of ICS R- like (Drosophila lcinase suppressor of ras) 


CNP 


"Hs.75062; 2 r , 3 '-cyclic nucleotide 3' phosphodiesterase" 


CNSN 


Carnosinemia (carnosinase) 


COLQ 


collagen-like tail subunit (single strand of homotrimer) of asymmetric 
acetylcholinesterase 


COMT 


Hs. 89893; catechol-O-methyltransferase; Hs.78534 


COXIO 


cytochrome c oxidase subunit X (heme A: farnesyltransferase); Hs.77513 


COX 11 


cytochrome c oxidase subunit 1 1 


COX11P 


"cytochrome c oxidase subunit 1 1, pseudogene" 


COX 15 


cytochrome c oxidase subunit 15 


COX 17 


"COX 17 (yeast) homolog, cytochrome c oxidase assembly protein; human 
homolog of yeast mitochondrial copper recruitment gene" 


COX17P 


"COX 17 (yeast) homolog, cytochrome c oxidase assembly protein, pseudogene" 


COX4 


Hs.686; cytochrome c oxidase subunit IV 


COX4P1 


COX4L1 ; cytochrome c oxidase subunit IV pseudogene 1 
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Description of Enzyme 


COX5A 


VA; COX; COX-VA; cytochrome c oxidase sub unit Va 


COXS AP 1 


cytochrome c oxidase subunit Va pseudogene I 


COX5B 


Hs.1342; cytochrome c oxidase subunit Vb 


COX5BL1 


cytochrome c oxidase subunit Vb-lilce 1 


COX5BL2 


cytochrome c oxidase subunit Vb-lilce 2 


COX5BL3 


cytochrome c oxidase subunit Vb-lilce 3 


COX5BL4 


cytochrome c oxidase subunit Vb-like 4 


COX5BL5 


cytochrome c oxidase subunit Vb-like 5 


COX5BL6 


cytochrome c oxidase subunit "Vb-lilce 6 


COX5BL7 


cytochrome c oxidase subunit Vb-like 7 


COX6A1 


COX6A; cytochrome c oxidase subunit Via polypeptide 1 


COX6A1P 


cytochrome c oxidase subunit Via polypeptide 1 pseudogene 


COX6A2 


cytochrome c oxidase subunit Via polypeptide 2 


COX6B 


Hs. 83379; cytochrome c oxidase subunit VIb 


COX6BP1 


cytochrome c oxidase subunit VIb pseudogene 1 


COX6BP2 


cytochrome c oxidase subunit VIb pseudogene 2 


COX6BP3 


cytochrome c oxidase subunit VIb pseudogene 3 


COX6BP4 


cytochrome c oxidase subunit VTb pseudogene 4 


COX6C 


Hs. 74649; cytochrome c oxidase subunit Vic 


COX6CP1 


cytochrome c oxidase subunit Vic pseudogene 1 


COX7A1 


cytochrome c oxidase subunit Vila polypeptide 1 (muscle); Hs.71S83; COX7A 


COX7A2 


Hs.2321 ; cytochrome c oxidase subunit VHa polypeptide 2 (liver) 


COX7A3 


cytochrome c oxidase subunit Vila polypeptide 3 (liver) 


COX7B 


Us. 75752; cytochrome c oxidase subunit VHb 


COX7C 


Hs.3462; cytochrome c oxidase subunit VI 1 c 


COX7CP 1 


cytochrome c oxidase subunit VHc pseudogene 1 


COX7RP 


cytochrome c oxidase subunit VTt-related protein 


COX8 


cytochrome c oxidase subunit VIII 


CP 


Hs. 10735; ceruloplasmin (ferroxidase) 


CPA1 


Hs.2879; CPA; carboxypeptidase Al (pancreatic) 


CPA2 


carboxy peptidase A2 (pancreatic) 


CPA3 


Hs.646; carboxypeptidase A3 (mast cell) 


CPB1 


carboxypeptidase B 1 (tissue); Hs.56117 


CPB2 


carboxypeptidase B2 (plasma); CPU; carboxypeptidase U; Hs.75572; PCPB 


CPD 


carboxypeptidase D 


CPE 


Hs.75360; carboxypeptidase E 


CP3VT 


Hs.50997; carboxypeptidase 1VI 


CPN1 


"carboxypeptidase 1ST, polypeptide 1, 50kE>; CPNE1" 


CPN2 


"ACBP; carboxypeptidase N, polypeptide 2 ? 83kD; Hs.2246; arginine 
carboxypeptidase (carboxypeptidase N)" 


CPO 


"Hs.89866; CPX; coproporphyrinogen oxidase (coproporphyria^ 
harderoporphyria); Hs. 79904" 


v — rr 


ceruloplasmin (ferroxidase) pseudogene 


CPS1 


"Hs.50966; carbamoyl-phosphate synthetase 1, mitochondrial" 


CPT1A 


"CPT1; carnitine palmitoyltransferase I, liver; CPT1-L; L-CPT1" 
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Description ofEnzyme 


CPT1B 


"carnitine palmitoyltransferase I, muscle; 1VT-CPT1; CFTl-lvr' 


CPT2 


1; CPT1; CPTASE; carnitine palmitoyltransferase II 


CPZ 


carboxypeptidase Z 


CRAT 


Hs.12068; CAT1; carnitine acetyl transferase 


CRMP1 


c o 11 apsin response mediator protein 1 (dihydropyrimidmase-like 1); DRP-1; 
DPYSLl;Hs.75079 


CRY1 


PHLL1 ; cryptochrome 1 (photolyase-like) 


CRY2 


crypto chrome 2 (photolyase-like) 


CRYZ 


"Hs.831 14; crystallin, zeta (quinone reductase)" 


CRYZL1 


"crystallin, zeta (quinone reductase)-like 1" 


CRYZP1 


" cry stallin, zeta (quinone reductase) pseudogene 1" 


cs 


citrate synthase 


CSCI 


Corti coster one side-chain isomerase 


CSK 


Hs. 89756; c-src tyrosine kinase; Hs. 77793 


CSN1 


"casein, alpha; Hs.3155; CAS A" 


CSTsTlO 


"casein, kappa; CSN3" 


CSN2 


"casein, beta; Hs.2242; CASB" 


CSNK1A1 


"Hs.52195; casein kinase 1, alpha 1" 


CSNK1D 


"casein kinase 1, delta; Hs.75 852; HCKID" 


CSNK1E 


"casein kinase 1, epsilon; Hs. 79658; CKIe; HCKIE" 


CS1SHC1G2 


"casein lcinase 1, gamma 2" 


CSNK1G3 


"casein kinase 1, gamma 3" 


CS1STK2A1 


"Hs.12740; casein kinase 2, alpha 1 polypeptide" 


CSNK2A1P 


"casein kinase 2, alpha 1 polypeptide pseudogene" 


CSlsTK2y\2 


"Hs. 82201; CSNKL2A1; casein kinase 2, alpha prime polypeptide" 


CS1STEC2B 


"Hs.84316; casein kinase 2, beta polypeptide" 


CST 


cerebroside (3 '-phosphoadenylyl sulfate rgalactosylceramide 3") sulfotransferase 


CTBS 


"CTB; chitobiase, di-N- acetyl-; Hs. 99889" 


CTD 


CZ^oats disease 


CTT>P 1 


v — j j — ' v^cii wvjjv_y — Lc-i. i iii ii<a i uuiijciui, jt\_i/n.^v jjuiyiiicraoc 11 , p*_>iypcpLicj.c -t\.J 
phosphatase, sub unit 1; FCP1; CTD (carboxy-terminal domain, RNA 
polymerase II, polypeptide A) phosphatase, subunit 1 " 


CTH 


Hs. 19904; cystathionase (cystathionine gamma- lyase) 


CTPS 


Hs . 84 1 1 2; CTP synthase 


CTRC 


"chymotrypsin C (caldecrin); caldecrin (serum calcium decreasing factor, 
elastase IV); CLCR" 


CTSD 


Hs.79572; CPSD; cathepsin D (lysosomal aspartyl protease) 


CYBB 


LvJ ^l±J.^Ji 1 ^.*-+^Jy UCld yjUxy JJC'JJ L1UC ^OIXTOXJlO ^aUUlOiliaiOuS QlSCaSC J 3 

Hs.88974; CGD; GP91-PHOX" 


CYP1 1B1 


Hs.2610; CYP11B" 


CYP11B2 


"cytochrome P450, subfamily XIB (steroid 1 1 -beta-hydroxylase), polypeptide 2- 
Hs.36986; CYP11B" 


CYP17 


"Hs.1363; cytochrome P450, subfamily XVII (steroid 17-alpha-hydroxylase), 
adrenal hyperplasia" 
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Description of Enzyme 


CYP19 


"cytochrome P450, subfamily XIX (aromatization of androgens); Hs. 79946; 
aromatase " 


CYP21A1P 


"CYP21P; cytochrome P450, subfamily XXIA (steroid 21 -hydroxylase), 
polypeptide 1 pseudogene; CYP2IA; cytochrome P450, subfamily XXI (steroid 
2 1 -hydroxy! ase) pseudo gene; P450c21A" 




congenital adrenal hyperplasia), polypeptide 2; Hs. 49066; CYP21B; 
cytochrome P450, subfamily XXI (steroid 2 1 -hydroxylase, congenital adrenal 
hyperplasia); P450c21B" 


CYP24 


"cytochrome P450, subfamily XXXV (vitamin D 24 -hydroxylase)" 


CYP27A1 


"CYP27; cytochrome P450, subfamily XXVII A (steroid 27 -hydroxylase, 
cerebrotendinous xanthomatosis), polypeptide 1; Hs.82568; cytochrome P450, 
subfamily XIXVI1 (sterol 2 7 -hydroxylase, cerebrotendinous xanthomatosis)" 


CYP27B 1 


"PDDR; cytochrome P450, subfamily XXVHB (25-hydroxyvitamin D-l-alpha- 
hydroxylase), polypeptide 1; VDR; VDD 1 ; pseudo- vitamin JD dependency 
rickets 1 ; C YP 1 ; P450c 1 ; VDDR I" 


CYP2C 


"Hs.703; cytochrome P450, subfamily 1IC (mephenytoin 4-hydroxylase)" 


CYP2C10 


"cytochrome P450, subfamily IIC (mephenytoin 4 -hydroxylase), polypeptide 
10" 


CYP2C1 8 


"CYP2C17; cytochrome P450, subfamily IIC (mephenytoin 4 -hydroxylase), 
polypeptide 18; Hs.702; P450HC17; cytochrome P450, subfamily IIC 
(mephenytoin 4- hydroxylase), polypeptide 17" 


CYP2C19 


"cytochrome P450, subfamily IIC (mephenytoin 4 -hydroxylase), polypeptide 
19; P450IIC19" 


CYP2C8 


"cytochrome P450, subfamily IIC (mephenytoin 4-hydroxyIase), polypeptide S" 


CYP2C9 


"cytochrome P450, subfamily IIC (mephenytoin 4-hydroxylase), polypeptide 9; 
Ms.9669; P450UC9" 


CYP2J2 


"cytochrome P450, subfamily IIJ (arachidonic acid epoxygenase), polypeptide 
2; Hs.30894" 


CYP3A 


"CYP3; cytochrome P450, subfamily IIIA (niphedipine oxidase)" 


CYP3A3 


"Hs.73725; cytochrome P4 50, subfamily IIIA (niphedipine oxidase), 
polypeptide 3" 


CYP3A4 


"cytochrome ~P450, subfamily IIIA (niphedipine oxidase), polypeptide A; Hs.45" 


CYP3A5 


"cytochrome P450, subfamily HI A (niphedipine oxidase), polypeptide 5; 
Hs.146" 


CYP3A5P1 


"cytochrome P4SO, subfamily IIIA (niphedipine oxidase), pseudogene 1" 


CYP46 


"cytochrome P450, subfamily 46 (cholesterol 24-hydroxylase) M 


CYP4F3 


"LTB4H; cytochrome P450, subfamily IVF, polypeptide 3 (leukotriene B4 
omega hydroxylase); leulcotriene B4 omega hydroxylase (cytochrome P450, 
subfamily IVF); Hs. 101; CYP4F" 


CYP51 


"cytochrome P450, 51 (lanosterol 14-alpha-demethylase); Hs.2379" 


CYP7A1 


"CYP7; cytochrome P450, subfamily VII A (cholesterol 7 alpha- 
monooxygenase), polypeptide 1; Hs.1644; cholesterol 7-alpha-hydroxylase" 


CYP7B1 


"cytochrome P450, subfamily VIIB (oxysterol 7 alpha-hydroxylase), 
polypeptide 1" 


CYP8B1 


"cytochrome P450, subfamily VIIIB (sterol 12- alpha -hydroxylase), polypeptide 
1; CYP12" 


DAO 


Hs.2625; DAMOX; D-amino-acid oxidase 


IDAPICl 


DAPK; death- associated protein Icinase 1 
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Description of Enzyme 


DAPK3 


death- associated protein kinase 3 


DBH 


Hs.2301* dopamine beta— hydroxylase (dopamine beta— rnonooxygcna.se) 


DBT 


Hs.89685; dihydrolipoamide branched chain transacylase (E2 component of 

Ui aili^liCU Olid ill Jx_dAj avivi ucny ui ugciiaoc wuinpiCA, iiicj-JJIC* oyi up u.1 liic vj-l£>v3<aod' j y 

Hs.23443; Hs. 89479 


DCI 


"Hs. 89466; dodecenoyl-Coenzyme A delta isomerase (3,2 trans-enoyl- 
Coenzyme A isomerase)" 


DCK 


Hs.709; deoxycytidine kinase 


DCT 


"Hs. 2.3454; TYRP2; dopachrome tautom erase (dopachrome delta-isomerase, 
tyro sine-related protein 2); Hs.472" 


DCTD 


Hs. 76894; dCMP deaminase 


DID AH 1 


dimethyl arginine dimethylaminohydrolase 1 ; DDAH; DDAHI 


DDAH2 


dimethyl arginine dimethylaminohydrolase 2; DDAHU 


DDC 


Hs.475; dopa decarboxylase (aromatic L- amino acid decarboxylase) 


DDO 


D -aspartate oxidase 


DDOST 


dolichyl-diphosphooligosaccharide-protein glycosyltransferase; OST 


DDR1 


"NEP; CAK; EDDR1 ; MTKK4; PTK3A; PTK3A protein tyrosine ldnase 3 A; 
ncuro trophi c tyrosine kinase, receptor, type 4; Hs.7SS62; neuroepithelial 
tyrosine kinase; cell adhesion kinase; trkE; RTK6; epithelial discoidin domain 
receptor 1" 


DDR2 


"NTRKR3; TKT; TYRO 10; neurotrophic tyrosine kinase, receptor-related 3" 


DDT 


D -dopachrome tautom erase 


DDXIO 


DEAD/H (Asp-Glu- Ala- Asp/His) box polypeptide 10 (RNA helicase); HRH-J8 


DDX1 1 


j-jxii^\±-j/ xr ^/\Ljp-oju-/A.id-/\yp/ xxiti j dox poiypcpuQe 1 i ,cei cvisiac v^o l— nice 
helicase); CHLR1 


DDX12 


UI_/^VL//XT V^-rA-O^J — VJ 1 Li— ^\.lcL-'J^t>j-J/ JLXlfcjy UUA JJ<_?I^i' jJCVJJ LJ 1_IC; 1 ^ ij . OCIC V 1 aC V .XiL 1 -JllCC 

helicase); CHLR2 


DDX5 


helicase, 68kD) t ' 


DDX6 


helicase, 54kD)" 


DDX7 


"DEAD/H (Asp-Glu- Ala- Asp/His) box polypeptide 7 (RNA helicase, 52kD) 
NOTE: Symbol and name provisional" 


DDX8 


DEAD/H (Asp-Glu-Ala- Asp/His) box polypeptide 8 (RNA heliease); HRH1 


DDX9 


i^xiAix>»/xi ^^.5>jj — ^orxit — ^-vici— j?-i.h>p/ xo.1 doa poiypcpnae i/ ^xsJ.Ny-v nencase ^v, nuclear 
DNA helicase II); NDHII" 


DDX9P 


DEAD/H (Asp-Glu-Ala- Asp/His) box polypeptide 9 (RNA helicase A) 
p seu do gen e 


DDXL 


"nuclear RNA helicase, DECD variant of DEAD box family" 


DECR 


11 2 5 4— dienoyl C^O-A. reductase" 


DFFB 


DNA fragmentation factor, 40 1<D, beta sub unit; CAD; DFF2" CP AN; DFF40- 
DFF-40" 


DGAT 


diacylglycerol O-acyltransf erase (mouse) horaolog; ARGP1 


DGKA 


"DAGK1 ; diacylglycerol ldnase, alpha (80kD); Hs.74044; DGIC-alpha; DAGK" 


DGKB 


"DAGIC2; diacylglycerol ldnase, beta (90kD); KIAA0718" 


DGKD 


"diacylglycerol kinase, delta (130kD); DAGK4-PEN; KIAA0145; DGICdelta" 


DGKE 


"diacylglycerol kinase, epsilon (64kD); DAGK 6: DAGK6-PEN" 
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DGKG 


UAuJsJ; aiacylglycerol icinase, gamma (9UlcD); Hs.<594dZ 


DGKII 


"DGKETA; diacylglycerol kinase, eta" 


DGKI 


"diacyl glycerol Icinase, iota" 


DGKQ 


"DAGIC4; diacylglycerol kinase, theta (HOlcD); diacylglycerol kinase, delta 
(i iujcD); Hs.oyy /y; lj acjIv; dacjK/ 


DGICZ 


diacylglycerol kinase, zeta (104kD); DAGK5; DAGKL5-PEN; hDGKzeta 


DGUOK 


deoxyguanosme kinase; Hs.101519; oCtIv; Hs. 77494 


DHCR24 


24-dehydrocholesterol reductase 


DHCR7 


7-dehydrocholesterol reductase 


DHFR 


Hs. 83765; dihydrofolate reductase 


DHFRJP 1 


Hs. 73878; dihydrofolate reductase pseudogene 1 


DHFRP2 


dihydrofolate reductase pseudogene 2 


DHFRP4 


dihydrofolate reductase pseudogene 4 


DHODH 


Hs. 1151; dihydroorotate dehydrogenase 


DHPS 


deoxyhypusme synthase; Hs. 79064 


DIA1 


diaphorase (NADH) (cytochrome b-5 reductase) 


DIA2 


Di aphor ase - 2 


DIA4 


"NMORl ; diaphorase (NADH/NADPH) (cytochrome b-5 reductase); NTTVTORI; 
diaphorase (NADH/NADPH) ; NAD (P)H menadione oxidoreductase 1, dioxin- 
inducible" 


DIFF6 


differentiation 6 (deoxyguanosine triphosphate triphosphohydrolase; ICIAAO 158 


DIOl 


"TXDIl; deiodinase, iodothyronine, type I; 5DI; thyroxine deiodinase type I 
(selenoprotein) " 


DI02 


"deiodinase, iodothyronine type II; thyroxine deiodinase type II; TXDI2" 


DI03 


"T>QDI3; deiodinase, iodothyronine type HI; thyroxine deiodinase type III 
(selenoprotein)' 1 


DLAT 


Hs. 74642; DLTA; PDC-E2; dihydrolipoamide S- acetyl transferase 
(E2 component of pyruvate dehydrogenase complex) 


DLD 


M Hs.74635; LAX); DLDH; dihydrolipoamide dehydrogenase (E3 component of 
pyruvate dehydrogenase complex, 2-oxo-glutarate complex, branched chain 
keto acid dehydrogenase complex)" 


DLST 


Hs.401; DLTS; dihydrolipoamide S-succinyltransferase (E2 component of 
2-oxo-glutarate complex) 


DLSTP 


dihydrolipoamide S-succinyltransferase pseudogene (E2 component of 
2-oxo-glutarate complex) 


DMPK 


DIVT; D1V11; dystrophia myotonica-protein Icinase; dystrophia myotonica 1 
(includes dystrophia myotonia protein Icinase); Hs.898 


TVKT A OT 


"DNA2 (DNA replication helicase, yeasty homolog)-like" 




DNL1; deoxyribonuclease I 


TYTvT A 0 13 1 T 1 


DNL1L; deoxyribonuclease I-like 1 




deoxyribonuclease I-lilce 2 


DNASE1L3 


deoxyribonuclease I-like 3 


DNASE2 


"DNL2; deoxyribonuclease II, lysosomal; DNL; DNase H, lysosomal" 


DNlVlTl 


DNMT; DNA (cyto sine- 5-) -methyl transferase 1; Hs. 77462; DNA 
m ethyl tr an sferas e 


DNMT2 


DNA (cyto sine- 5-) -methyl transferase 2 


r>isnviT3A 


DNA (cytosine-5-)-methyltransferase 3 alpha 
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DNMT3B 


DNA (cytosine-5-) -methyl transferase 3 beta 


DNPEP 


aspartyl aminopeptidase; DAP 


DNTT 


"TDT; deoxyrrucleotidyltransferase, terminal" 


DOK1 


docking protein 1 (downstream of tyrosine kinase 1); p62dok 


DPAGT1 


DPAGT; DPAGT2; dolichyl-phosphate alpha->J- acetyl glue osaminyl transferase 
1; dolichyl-phosphate IsF-acetylglucosaminephosphotransferase 2 (GlclSTAc-l-P 
transferase); UGAT; dolichyl-phosphate alpha-N- acetyl glue osarninyltransf erase 


DPEP1 


Hs.109; dipeptidase 1 (renal) 


dpivti 


"dolichyl-phosphate mannosyltransferase polypeptide 1, catalytic subunit" 


DPM2 


"dolichyl-phosphate mannosyltransf erase polypeptide 2, regulatory subunit" 


DPP 3 


d ipep tidy 1 peptidase III 


DPP4 


"Hs. 44926; CD26; ADCP2; dipeptidylpeptidase rV (CD26, adenosine 
deaminase complexing protein 2)" 


DPP 6 


Hs. 34074; DPPX; dipeptidylpeptidase VI 


DPYD 


dihydropyrimidine dehydrogenase 


DPYS 


dihydropyrimidinase; DHPase 


DPYSL2 


dihydropyrimidinase-like 2; DHPRP2; DRP-2; CR3VIP2 


DPYSL3 


dihydropyrimidinase-like 3; DPJP-3 


DPYSL4 


ULIP4; dihydropyrimidinase-like 4 


DTYIVOC 


Hs. 79006; deoxythymidylate kinase 


DUSP1 


HVH1; CLIOO; PTPNIO; dual specificity phosphatase 1; MKP-1 


DUSP 1 1 


PIR1; dual specificity phosphatase 11 (IOnTA/R>JP complex 1 -interacting) 


DUSP2 


PAC-1 ; dual specificity phosphatase 2 


DUSP 3 


VHR; dual specificity phosphatase 3 (Vaccinia virus phosphatase VH1 -related) 


DUSP4 


HVH2; dual specificity phosphatase 4; MKP-2 


DUSP 5 


HVH3; dual specificity phosphatase 5 


DUSP6 


dual specificity phosphatase 6; IVtKP-3; PYST1 


DUSP 7 


dual specificity phosphatase 7; MKP-X; PYST2 


DUSP 8 


dual specificity phosphatase 8; HVH-5; HB5 


DUSP8P 


dual specificity phosphatase 8 pseudogene 


DUSP 9 


dual specificity phosphatase 9; ]VDCP4; 1VIKLP-4 


DUSPP 


dual specificity phosphatase pseudogene; HVH4 


DUX 


dUTP pyrophosphatase; Hs.82 113 


DYRIC1A 


DYRK.; DYRIC1; MUSTBH; dual -specificity tyrosine-(Y)-phosphorylation 
regulated kinase; 1VTNTB; minibrain (Drosophila) homolog; Hs. 103 125 


DYRtClB 


dual- specificity tyrosine-(Y)-phosphorylation regulated kinase IB 


DYRIC2 


dual-specificity tyrosine- (Y)-phosphorylati on regulated kinase 2 


DYPOEC3 


dual- specificity tyrosine-(Y)-phosphorylation regulated kinase 3 


DYRIC4 


dual- specificity tyrosine- (Y) -phosphorylation regulated kinase 4 


EBP 


CDPX2; emopam il-binding protein (sterol isomerase); phenylalkylamine Ca2-*- 
antagonist (emopamil) binding protein; chondrodysplasia punctata 2 (X- linked 
dominant); CPX; CPXD 


ECH1 


"enoyl Coenzyme A hydratase 1, peroxisomal" 


ECHS 1 


"enoyl Coenzyme A hydratase, short chain, 1, mitochondrial; SCEH" 


EFNA1 


"EPLG1; ephrin-Al; LERK1; ECICLG; TNFAJP4; eph-related receptor tyrosine 
kinase ligand 1 (tumor necrosis factor, alpha- induced protein 4); B61" 
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EFNA2 


EPLG6; ephrin- A2; ELF-1; LERK6; eph-related receptor tyrosine kinase 
ligand 6 


EFNA3 


EPLG3; ephrin- A3; LERK3; eph-related receptor tyrosine kinase ligand 3; 
Ehkl-L 


EFNA4 


EPLG4; ephrin- A4; LERIC4; eph-related receptor tyrosine kinase ligand 4 


EFNA5 


EPLG7; ephrin- A5; Hs.37142; API; LERIC7; eph-related receptor tyrosine 
lcinase ligand 7 


EFNB1 


EPLG2; ephrin-Bl; LERJK2; eph-related receptor tyrosine kinase ligand 2; Elk- 
L 


EFNB2 


EPLG5; ephrin-B2; Hs.30942; LERK5; eph-related receptor tyrosine kinase 
ligand 5; Htk-L 


EF3STB3 


EPLG8; ephrin-B3; eph-related receptor tyrosine lcinase ligand 8; Hs.26988; 
LERK-8 


EHHADH 


EEs. 1531; enoyl -Coenzyme A hydratase/3 -hydroxy acyl Coenzyme A 
dehydrogen a se 


EIF2AIC3 


eukaryotic translation initiation factor 2-alpha kinase 3; PEIC; WRS; PERKL; 
^A^olcott— Phalli son syndrome 


ELA 1 


"Hs.21; elastase 1, pancreatic" 


ELA2 


"SERPl; elastase 2, neutrophil; Hs. 99863; serine protease" 


"PTT A 'X 


"elastase 3, pancreatic (protease E) 11 


rM >/\ —> xj 


elastase 3B 


r?T A ~KTTJ O 

rVI ,/VLNrlZ 


"EX; PI2; protease inhibitor 2 ( an ti- elastase), monocyte/neutrophil derived" 


ELL 2 






xirJLJs. i * mou i ion as e 1 , i vi j-\ kjn. ^ 


iz^IN 1-J l^J 


endonuclease G 


ENDOGL 1 


ENGL; endonuclease G-like 1 


ENDOGL2 


ENGL-B ; endonuclease G-like 2 


ENO 1 


"EISTOILI; enolase 1, (alpha)-like 1; Hs.675; enolase 1, (alpha); PPH; 
phosphopynrvate hydratase" 




"enolase 1, (alpha) pseudogene" 




"Us. 75675; enolase 2, (gamma, neuronal)" 


EN03 


"enolase 3, Cbeta, muscle); Hs.99986; ENO-3; Hs.2645" 


EInTPEP 


glutamyl aminopeptidase (aminopeptidase A); Hs.291; gpl60 


EPHA1 


EPjHTI; EphAl; EPH; EPHT; eph tyrosine kinase 1 (erythropoietin-producing 
hepatoma amplified sequence); ephrin receptor EphAl 


EPHA2 


ECKL; EphA2; ephrin receptor EphA2; epithelial cell receptor protein tyrosine 
kinase 


EPHA3 


ETTC1; EphA3; ETKL; HEIC; eph-like tyrosine kinase 1 (human embryo 
ivjti jcic>c jl j , cpnnn rccepior JipnAj 


EPHA4 


j. xivv-^i, xipuA.^, x x Jtvv_j i proxem ryiosme Kinase; xieicoj epririn leceptor J^prx/v4 


EPHA8 


"EEIC; EphA8; eph-, elk-related tyrosine lcinase; Hek3; ephrin receptor EphA8 n 


EPHB1 


EPHT2; EphBl; eph tyrosine kinase 2; Elk; Hek6; ephrin receptor EphBl 


EPHB2 


DRT; ERIC; EPHT3 ; EphB2; eph tyrosine lcinase 3; developmentally-regulated 
eph-related tyrosine lcinase; Hek5; Tyro5; EPHT3; ephrin receptor EphB2; elk- 
icidLcu tyi Uoiiic ioiia.s^ 


EPHB3 


ETTC2; EphB3; HEK2; eph-like tyrosine kinase 2 (human embryo lcinase 2); 
Hek2; Tyro 6; ephrin receptor EphB3 
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EPHB4 


HTK; EphB4; Hs.464; hepatoma transmembrane kinase; Tyrol 1; ephrin 
receptor EpbJB4 


EPtiXl 


"epoxide hydrolase 1, microsomal (xenobiotic); Hs.89689; EPHX; Hs. 89649" 


EPHX2 


"Hs.l 13; epoxide hydrolase 2, cytoplasmic" 


EPM2A 


" epilepsy, progressive myoclonus type 2, Lafora disease (laforin); EPM2; 
MELF" 


EPR1 


effector cell protease receptor 1 ; EPR- 1 ; effector cell protease receptor 1 


EPRS 


QARS; QPRS; glutamyl-prolyl-tRNA synthetase 


EPX 


eosinophil peroxidase; EPX-PElNr; EPO; EPP 


ERP70 


"EF0P72; protein disulfide isomerase related protein (calcium-binding protein, 
intestinal-rel a ted)" 


ESA4 


esterase A4 


ESAT 


esterase activator 


ESB3 


esterase 133 


ESD 


Hs.82193; esterase D/formyl glutathione hydrolase 


ETFDH 


ETFQO; electron-transfening-flavoprotein dehydrogenase 


EXOl 


HEX1; exonuclease 1 


EYA1 


BOR; eyes absent (Drosophila) homolog 1; branchiootorenal syndrome; 
Melnick-Fraser syndrome 


F2R 


coagulation factor II (thrombin) receptor; TR; CF2R; PARI; Hs. 85889; 
protease-activated receptor 1 


F9 


"coagulation factor IX (plasma thromboplastic component, Christmas disease, 
hemophilia B); Hs.l 330; FIX; Factor 9; Factor IX" 


FAAH 


fatty acid amide hydrolase 


FACL1 


"fatry-acid-Coenzyme A ligase, long-chain 1; Hs. 89549; Hs.34" 


FACL2 


"FACL1; fatty- acid-Co enzyme A ligase, long-chain 2" 


FACL3 


"fatty- acid-Co enzyme A ligase, long-chain 3; ACS 3" 


FACL4 


"fatty-acid- Coenzyme A ligase, long-chain 4" 


FACVL1 


"VLCS; VLACS; fatty -acid-Coenzyme A ligase, very long-chain 1" 


FADS1 


LLCDL1; linoleoyl-CoA desaturase (delta- 6-desaturase) -like 1 


FADS 2 


LLCDL2; linoleoyl-CoA desaturase (delta- 6-desaturase)-like 2 


FADS 3 


LLCDL3; linoleoyl-CoA desaturase (delta- 6 -desaturase) -like 3 


FADSD6 


delta-6 fatty acid desaturase 


FAH 


Hs.73 875; fumarylacetoacetase; fumaryl a ceto acetate 


FAK2 


"focal adhesion kinase 2; cell adhesion kinase, beta; PKB; PYK2; RAFTK; 
CAIC beta; pro line-rich tyrosine kinase 2; CAICB" 


FARS1 


phenylalanine-tRJSFA synthetase 


FARSL 


phenylalanine-tRJSFA synthetase-like; C1VIL33 


FASN 


fatty acid synthase 


FASTK 


Fas- activated serine/threonine kinase 


FBP1 


Hs.574; FBP; fructose-bisphosphatase 1 


FBP2 


" fructose- 1 ,6-bi sphosphatase 2 " 


FDFT1 


farnesyl -diphosphate famesyl transferase 1; Squalene synthase 


FDH 


formaldehyde dehydrogenase 


FDPS 


"Hs. 99926; famesyl diphosphate synthase (farnesyl pyrophosphate synthetase, 
dimethylallyrrranstransferase, ger any ltranstransf erase); Hs.l 23; Hs. 99866" 
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FDPSL1 


"FPSL1; CHR39A; fartiesyl diphosphate synthase-like 1 (farnesyl 
pyrophosphate synthetase-like 1, chol ester ol-repressible protein 3 9 A)" 


FDPSL2 


FPSL2; famesyl diphosphate synthase-like 2 (farnesyl pyrophosphate 
synthetase-like 2) 


FDPSL3 


FPSL3; farnesyl diphosphate synthase-like 3 (famesyl pyrophosphate 
synthetase-like 3) 


FDPSL4 


FPSL4; famesyl diphosphate synthase-like 4 (famesyl pyrophosphate 
synthetase-like 4) 


FDPSL5 


FPSL5; famesyl diphosphate synthase-like 5 (famesyl pyrophosphate 
synthetase-like 5) 


FDXJR 


Hs. 69745; ADXR; ferredoxin reductase 


FECH 


ferrochelatase (protoporphyria); Hs.26 


FECHP 


ferrochelatase pseudogene 


FEN1 


RAD2; flap structure-specific endonuclease 1; FEN-1; RAD2 (S. pombe) 
homolog 


FENL 1 


flap endonuclease-like 1 


FER 


fer (fps/fes related) tyrosine kinase (phosphoprotein 1STCP94); TVKL3 


FGFR1 


"fibroblast growth factor receptor 1 (frns-related tyrosine ldnase 2, Pfeiffer 
syndrome); Hs.99988; H2; H3; H4; H5; CEK; FLG; FLT2; BFGFR; N-SAM; 
Hs.748" 


FGFR2 


"fibroblast growth factor receptor 2 (bacteria-expressed kinase, keratinocyte 
growth factor receptor, craniofacial dysostosis 1 , Crouzon syndrome, Pfeiffer 
syndrome, Jackson- Weiss syndrome); Hs. 82775; BEK; JWS; CEK3; KGFR; 
TK14; TIC25; ECT1; CFD1; K-SAJVT" 


FH 


Hs. 75653; fumarate hydratase 


FIC1 


"BRIC; PFIC1; PFIC; benign recurrent intrahepatic cholestasis; progressive 
familial intrahepatic cholestasis 1, Byler disease; familial intrahepatic 
cholestasis 1" 


FLR 


flavin reductase (NADPH) 


FLT1 


Hs.96085; FLT; fins-related tyrosine kinase 1 (vascular endothelial growth 
factor/vascular permeability factor receptor) 


FLT3 


STK1; fins-related tyrosine kinase 3 


FLT3LG 


Hs.428; fms-related tyrosine kinase 3 ligand 


FLT4 


fms-related tyrosine kinase 4; Hs. 74049; VEGFR3 


FIVIOl 


Hs.1424; flavin containing mono oxygenase 1 


FN102 


Hs. 80876; flavin containing monooxygenase 2 


FM03 


FlvIOII; flavin containing monooxygenase 3 


FM04 


Hs. 89763; FM02; flavin containing monooxygenase 4 


FTV105 


Hs. 14286; flavin containing monooxygenase 5 


FNTA 


"famesyltransf erase, CAAX box, alpha; FPTA; PGGT1A; Hs. 78630" 


FNTAL 1 


"farnesyltransferase, CAAX box, alpha-like 1" 


FNTAL2 


"farnesyltransferase, CAAX box, alpha-like 2" 


FNTB 


"famesyl trans f erase, CAAX box, beta; FPTB; Hs.276 M 


FN1B] , 1 


" farnesyltransferase, CAAX box, beta-like 1 " 


FOLH1 


FOLH; folate hydrolase 1 (prostate-specific membrane antigen); PSlvX 


FOLH2 


FOLHP; folate hydrolase 2; folate hydrolase pseudogene 


FPGS 


folylpolyglutamate synthase 
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FPGT 


GFPP; fucose- 1 -phosphate guanylyltransferase 


FRK 


Hs. 89426; fyxi-related kinase 


FTCD 


f oiTniminotr ans f eras e cy clod eamin ase 


FTHFD 


f ormy ltetxahy drof o 1 ate dehy dro gen ase 


FUCA1 


"fucosidase, alpha-L- 1, tissue; Hs.576; FTJCA" 


FUCA1P 


"fucosidase, alpha-L- 1, tissue pseudogene" 


FUCA2 


"fucosidase, alpha-L- 2, plasma" 


FUT1 


"118.69747; H; fucosyltransferase 1 (alpha (1,2) fucosyltransferase, Bombay 
phenotype included)" 


FUT2 


fucosyltrarisf erase 2 (secretor status included); SE 


FUT3 


"Hs. 92753; LE; fucosyltransferase 3 (galactoside 3 (4)-L- fucosyltransferase, 
Lewis blood group included); Hs.2527; Hs.89742; Hs. 92752" 


FUT4 


"Hs.2173; CD15; FCT3A; FUC-TIV; fucosyltransferase 4 (alpha (1,3) 
fucosyltransferase, myeloid- specific)" 


FUT5 


"Hs. 32955; FUC-TV; fucosyltransferase 5 (alpha (1,3) fucosyltransferase)" 


FUT6 


"fucosyltransferase 6 (alpha (1,3) fucosyltransferase)" 


FUT7 


"fucosyltransferase 7 (alpha (1,3) fucosyltransferase)" 


FUT8 


"fucosyltransferase 8 (alpha (1,6) fucosyltransferase)" 


FUT9 


"fucosyltransferase 9 (alpha (1,3) fucosyltransferase); FUC-TIX" 


G3BP 


Ras-GTPase-activating protein SH3 -domain-binding protein 


G6PC 


"G6PT; glucose-6-phosphatase, catalytic (glycogen storage disease type I, von 
Gierke disease); Hs.242; GSDla" 


G6PD 


glucose-6-phosphate dehydrogenase; Hs.80206; G6PD1; Hs.1435 


G6PDL 


glucose-6-phosphate dehydrogenase-like 


G6PR 


"glucose-6-phospbatase, regulatoiy; GSDlaSP" 


G6PX1 


"glucose-6-phosphatase, transport (glucose- 6 -phosphate) protein 1; GSDlb" 


G6PT2 


"glucose-6-phosphatase, transport (phosphate/pyrophosphate) protein 2; 
GSDlc" 


G6PT3 


"glucose-6-phosphatase, transport (glucose) protein 3; GSDld" 


G7P1 


kinase-like protein 


GAA 


,r Hs_143 7; glucosidase, alpha; acid (Pompe disease, glycogen storage disease 
type II)" 


GAD1 


"Hs. 75668; GAD; glutamate decarboxylase 1 (brain, 67kD)" 


GAD2 


"Hs. 89662; glutamate decarboxylase 2 (pancreatic islets and brain, 65kD); 
Hs.1668" 


GAJD3 


glutamate decarboxylase 3 


GAIC 


cyclin G associated kinase 


GALC 


galactosylceramidase (Kxabbe disease); Hs.273 


GALE 


"galactose-4-epimerase, UDP-" 


GALGT 


"UDP-N-acery 1-alpha-D- galactosamine: (2ST- acetylneuraminyl) - 
galactosylglucosylceramide N-acetylgalactosaminyltransferase (GalNAc-T); 
betal ,4Galr>TAc-T M 


GALK1 


GALIC; galactokinase 1 


GALK2 


Hs.99935; GK2; galactokinase 2 


GALNS 


"GAS; GALNAC6S; galactosamine (N-acetyl) -6- sulfate sulfatase (Morquio 
syndrome, mucopolysaccharidosis type IV A)" 
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GALNT 1 


UDP-JNT-acetyl-alpha-D-galactosamineipolypeptide ISf- 
acetyl gal actosaminyltransf erase 1 (GalNAc-T 1 ) 


GALNT2 


UDP-N- a cetyl-alpha-D-gal acto s amine : polyp epti de N- 
acetylgalactosarninyltransferase 2 (GalNAc-T2) 


GALNT3 


UTDP-r\T-acetyl-alpha-D-galactosamine:polypeptide KT- 
acetylgalactosaminyltransferase 3 (GalXFAc-T3) 


GAJLNT4 


GALNAC-T4; LTDP-N-acetyl-alpria-D-galactosairiineipolypeptide N- 
acetylgalactosaminyltransferase 4 (GalNAc-T4) 


GALNT5 


GALNAC-T5; XJDP-N-acetyl-alpha-lD-galactosamine:polypeptide 3ST- 
acetylgalactosarninyltransferase 5 (GalNAc-T5) 


GALNT6 


GAL1SFAC-T6; TJTDP->J- acetyl- alp ria-D-galac to samiiieipoly peptide N- 
acetylgalactosaminyltransferase 6 (GalNAc-T6) 


GALNT7 


UTDP->J-a cetyl-alpha-D -gal acto saminerpolyp eptide N- 
acetylgalactosaminyl transferase 7 (GalNAc-T7) 


GALT 


Us. 75 641; galactose- 1 -phosphate uridylyltransferase; Hs.563 1 1 


GAMT 


guanidinoacetate N-methyltransf erase 


GA1NTAB 


"glucosidase, alpha; neutral AJB" 


GANC 


"glucosidase, alpha; neutral C" 


GAPD 


Hs.74456; glycer aldehyde- 3 -phosphate dehydrogenase; GAPDH; G3PDH 


GAPDL1 


glyceraldehyde-3 -phosphate dehydrogenase- like 1 


GAPDL 1 0 


glyceraldehyde- 3 -phosphate dehydrogenase-like 10 


GAPDL11 


glyceraldehyde-3-phosphate dehydrogenase-lilce 1 1 


GAPDL 1 2 


glyceraldehyde-3-phosphate dehydrogenase-lilce 12 


GAPDL13 


glyceraldehyde-3 -phosphate dehydrogenase-like 13 


GAPDL 14 


glyceraldehyde-3 -phosphate dehydrogenase-like 14 


GAPDL15 


glyceraldehyde-3 -phosphate dehydrogenase-like 15 


GAPDL 16 


glyceraldehyde-3 -phosphate dehydrogenase-like 16 


GAPDL 17 


glyceraldehyde-3 -phosphate dehydrogenase-like 17 


GAPDL2 


glyceraldehyde-3 -phosphate dehydrogenase-like 2 


GAPDL3 


glyceraldehyde-3 -phosphate dehydrogenase-like 3 


GAPDL4 


glyceraldehyde-3 -phosphate dehydrogenase-like 4 


GAPDL5 


glyceraldehyde- 3 -phosphate dehydrogenase-lilce 5 


GAPDL6 


glyceraldehyde-3-phosphate dehydrogenase-like 6 


GAPDL7 


glyceraldehyde- 3 -phosphate dehydrogenase-like 7 


^ * j\ ~t~f¥~^\T O 

GAPULo 


glyceraldehyde- 3 -phosphate dehydrogenase-like 8 


GAFDL9 


glyceraldehyde-3 -phosphate dehydrogenase-lilce 9 


GArlJJr 1 


glyceraldehyde- 3 -phosphate dehydrogenase pseudogene 1 


GAP DP 1 4 


glyceraldehyde- 3 -phosphate dehydrogenase pseudogene 14 


GAPL 


GXPase activating protein-like 


GARS 


Hs.75280; GlyRS; glycyl-tRNA synthetase 


GART 


"phosphoribosylglycinamide f ormyl transferase a phosphor ibosylglycinamide 
synthetase, phosphoribosylaminoimidazole synthetase; Hs. 82285; PGFT; 
PRGS" 


GAT 




GATM 


glycine ami dino transferase (L-arginine: glycine ami dinotransferase) 


GBA 


"glucosidase, beta; acid (includes glucosylceramidase); Hs.80377; GLUC" | 
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GBAP 


"glucosidase, beta; acid, pseudogene" 


GBE1 


"Hs.1691; glucan (1 ,4-alpha-), branching enzyme 1 (glycogen branching 
enzyme, Andersen disease, glycogen storage disease type IV)" 


GCAT 


glycine C- acetyl transferase (2-armno-3-ketobutyrate coenzyme A ligase); KJ3L 


GCDH 


Hs.63773; glutaryl- Coenzyme A dehydrogenase 


GCH1 


GTP cyclohydrolase 1 (dopa-responsive dystonia); Hs. 103987; GCH; DYT5; 
GTPCH1; Hs. 86724 


GCHFR 


GTP cyclohydrolase I feedback regulatory protein; p35; GFRP 


GCIC 


"glucokinase (hexoldnase 4, maturity onset diabetes of the young 2); Hs.1270; 
GK; GLK; HK4; NTDDTvl; MODY2" 


GCICR 


Hs. 89771; glucokinase (hexokinase 4) regulatory protein 


GCLC 


"GLCLC; glutamate- cysteine ligase, catalytic subunit; Hs.1673; GCS; GLCL; 
glutamate-cysteine ligase (gamma-glutamyl cysteine synthetase), catalytic 
(72.81dD)" 


GCLM 


"GLCLR; glutamate-cysteine ligase, modifier subunit; Hs. 89709; glutamate- 
cysteine ligase (gamma-glutamyl cysteine synthetase), regulatory (30.8kE>) ,f 


GCNT1 


"Hs.781; C2GNT; NAGCT2; NACGT2; glucosaminyl (JST-acetyl) transferase 1, 
core 2 (beta- 1 ,6-N- acetyl glucosaminyl transferase); C2GnTL; C2GnT-L" 


GC1STX2 


"Hs.934; 1GNT; NAGCT1; NAGGT1 ; glucosaminyl (N-acetyl) transferase 2, I- 
branching enzyme" 


GCNT3 


"glucosaminyl (N- acetyl) transferase 3, mucin type; C2GNT-M; C2GnTTvI 1 ' 


GCS1 


GCS 1 -PEN; Glucosidase I 


GCTG 


g amma- glut amy 1 eye 1 otran s feras e 


GDA 


guanine deaminase 


GDH 


glucose dehydrogenase 


GFPT1 


GFPT; Hs.1674; GFAT; glutamine- fructose -6 -phosphate transaminase; GFA 


GFPT2 


glutamine-fiructose-6-phosphate transaminase 2; GFAT2 


GGCX 


Hs.77719; gamma-glutamyl carboxylase 


GGH 


"GH; gamma-glutamyl hydrolase (conjugase, folylpolygammaglutamyl 
hydrolase)" 


GGPS1 


GGPPS; geranylgeranyl diphosphate synthase 1 


GGT1 


D22S672; D22S732; GGT; gamma-glutamyltransferase 1 


GGT2 


Hs.56312; GGT; gamma- glutamyl transferase 2 


GGT3 


gamma-glutamyl transferase 3 


GGTA1 


"GGTA; GLYT2; glycoprotein, alpha-galactosyl transferase 1" 


GGTA1P 


"GLYT3; glycoprotein, alpha-galactosyl transferase 1 pseudogene" 


GGTL1 


gamma- glutamyl transf erase-like 1 


GGTL2 


gamma-glutamylfransf erase-like 2 


GGTL3 


gamma-glutamyltransferase-like 3 


GGTLA1 


GGT-REL; gamma-glutamyltransferase-like activity 1 


GIC 


Hs.1466; glycerol kinase deficiency 


GICP1 


glycerol kinase pseudogene 1 


GKP2 


Hs.2692; glycerol kinase pseudogene 2 


GKP3 


glycerol kinase pseudogene 3 


GKP4 


glycerol kinase pseudogene 4 


GKJP5 


glycerol kinase pseudogene 5 
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GLA 


"GALA; galactosidase, alpha" 


GLB1 


"galactosidase, beta 1; Hs-79222" 


GLDC 


"Hs.27; glycine dehydrogenase (decarboxylating; glycine decarboxylase, 
glycine cleavage system protein P)" 


GLDCP 


glycine dehydrogenase (decarboxylase) pseudogene 


GLOl 


Hs.75207; glyoxalase I 


GLRA1 


"STHE; glycine receptor, alpha 1 (startle disease/hyperekplexia, stiff man 
syndrome)" 


GLR3C 


Hs.28988; glutaredoxin (thioltransferase); GRX 


GLS 


glutaminase 


GLUD1 


Hs. 77508; GLUD; glutamate dehydrogenase 1 


GLUD2 


Glut am ate dehydrogenase -2 


GLUDP1 


glutamate dehydrogenase pseudogene 1 


GLUDP2 


glutamate dehydrogenase pseudogene 2 


GUUDP3 


glutamate dehydrogenase pseudogene 3 


GLUDP4 


glutamate dehydrogenase pseudogene 4 


GLUDP5 


glutamate dehydrogenase pseudogene 5 


GLUL 


glutamate-ammonia ligase (glutamine synthase); Hs.1717; GLNS 


GLULL1 


glutamate-ammonia ligase (glutamine synthase) -like 1 


GLULL2 


glutamate-ammonia ligase (glutamine synthase)-lilce 2 


GLULL3 


glutamate-ammonia ligase (glutamine synthase)- like 3 


GLULP 


glutamate-ammonia ligase (glutamine synthase) pseudogene 


GLYD 


glycerate-2-dehydrogenase 


GMDS 


"GDP-mannose 4,6-dehydratase" 


GMPR 


guanine monophosphate reductase 


GMPR2 


guano sine monophosphate reductase 2 


GMPS 


G2VLPS-PEN; guanine monophosphate synthetase 


GNE 


GLCNE; XJIZ)P-N-acetylglucosamine-2-epimerase/r>r-acetylmannosamine kinase 


GNTPAT 


DHAPAT; dihydroxyacetonephosphate acyl transferase; DAP AT 


GNPTA 


glucosamine (TJDP->J-acetyl) -lysosomal -enzyme N-acetylglucosamine 
phosphotransferase (mucolipidoses II <& III); mucolipidosis II; mucolipidosis III 


GNS 


Hs.2703; glucosamine QST-acetyl)-6-sulfatase (Sanfilippo disease IILD) 


GOT1 


"Hs.597; glutamic- oxaloacetic transaminase 1, soluble (aspartate 
aminotransferase 1)'* 


GOT2 


"Hs. 79365; glutamic-oxaloacetic transaminase 2, mitochondrial (aspartate 
aminotransferase 2)" 


GOT2L1 


glutamic- oxaloacetic transaminase 2 -like 1 


GOT2L2 


glutamic-oxaloacetic transaminase 2-1 ike 2 


GOT2L3 


glutamic- oxaloacetic transaminase 2 -like 3 


GPB 


"glycerol phosphatase, beta-* 1 


GPD1 


glycerol- 3 -phosphate dehydrogenase 1 (soluble) 


GPD2 


Hs.93201; glycerol-3 -phosphate dehydrogenase 2 (mitochondrial); Hs.S9720 


GPI 


glucose phosphate isomerase; Hs.944 


GPI1 


N-acetylglucosaminyl transferase component Gpil 


GPLD1 


glycosylphosphatidylinositol specific phospholipase Dl 


GPR3 


G protein-coupled receptor 3; ACCA; adenylate cyclase constitutive activator 
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GPRIC2R 


G protein-coupled receptor ldnase 2 (T>rosophiIa)-like; GPRJC4 


GPRK5 


GRJC5 ; G protein- coupled receptor kinase 5 


GPRK6 


Hs. 76297; GRKL6; G protein-coupled receptor kinase 6 


GPRIC6P 


GPRJC6L; G protein-coupled receptor kinase 6 pseudogene; G protein-coupled 
receptor kinase 6-like 


GPRIC7 


G protein-coupled receptor kinase 7 


GPT 


glutamic-pyruvate transaminase (alanine aminotransferase) 


GPX1 


Hs.76686; glutathione peroxidase 1 


GPX2 


Hs.2704; GSHPX-GI; glutathione peroxidase 2 (gastrointestinal) 


GPX3 


glutathione peroxidase 3 (plasma); Us. 8 147 7 


GPX4 


Hs.2706; glutathione peroxidase 4 (phospholipid hydroperoxidase) 


GPX5 


glutathione peroxidase 5 (epididymal andro gen-related protein) 


gp;x6 


glutathione peroxidase 6 (ol facto ry) 


GPX7 


glutathione peroxidase 7 


GPXP1 


GPXL 1 ; glutathione peroxidase pseudogene 1 


GPXP2 


GPXL2; glutathione peroxidase pseudogene 2 


GKPTPR 


GLXR; glyoxylate reductase/hydroxypyruvate reductase 


GSD1B 


gLycogen-storage disease type lb 


GSD1C 


glycogen-storage disease type lc 


GSE 


CD; Gluten- sensitive enteropathy (celiac disease) 


GSK1 


glycogen synthase kinase 1 


GSK2 


glycogen synthase kinase 2 


GSK3A 


glycogen synthase kinase 3 alpha 


GSK3B 


glycogen synthase kinase 3 beta 


GSPT1 


Gl to S phase transition 1; Hs.2707; GST1 


GSR. 


glutathione reductase 


GSS 


Hs.82327; glutathione synthetase 


GSTA1 


Hs. 100026; H-A; glutathione S-transferase Al ; Hs. 89552; Hs. 99928 


GSTA2 


glutathione S-transferase A2; H-A; GST2 


GSTA3 


glutathione S-transferase A3 


GSTA4 


glutathione S-transferase A 4 


G START 


glutathione S-transferase A pseudogene 1 


GSTAP2 


glutathione -S-transferase A pseudogene 2 


GSTM1 


Hs.99859; MU; H-B; GST1; glutathione S-transferase Ml 


GSTIVUR 


GST1L; glutathione S-transferase JMl-like 


GSTM2 


Hs.73974; GST4; glutathione S-transferase M2 (muscle) 


GSTIVT3 


Hs.2006; GST5; glutathione S-transferase M3 (brain) 


GSTM4 


Hs. 105976; glutathione S-transferase M4; Hs. 82891 


GSTM5 


Hs.75652; glutathione S-transferase M5 


GSTP1 


FAEES3; glutathione S-transferase pi; fatty acid ethyl ester synthase HI; PI; 
GST3 


GSTPP 


glutathione S-transferase pi pseudogene; GST3L; GSTPL 


GSTT1 


Hs. 77490; glutathione S-transferase theta 1 


GSTT2 


Hs. 1581; glutathione S-transferase theta 2 


GSTTLP28 


P28; glutathione- S-transferase like 
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GSTZ1 


IV1AAI; glutathione S-transferase Zeta 1 (maleylacetoacetate isomerase) 


GTA 


GGTB1; galactosyl transferase activator 


GUCA 1 A 


GUCA 1 ; guanylate cyclase activator 1A (retina); GUCA; GCAP; GCAP1 


GUCA1B 


guanylate cyclase activator IB (retina); GCAP 2 


GUCA1C 


GCAP3 ; guanylate cyclase activator 1 C 


GUCA2A 


GUCA2; guanylate cyclase activator 2A (guanylin); Hs.778; STARA 


GUCA2B 


guanylate cyclase activator 2B; uroguanylin 


GUCY 1 A_2 


GUC1A2; guanylate cyclase 1, soluble, alpha 2; Hs.2685; GC-SA2 


GUCY1A3 


"GUC1A3; guanylate cyclase 1, soluble, alpha 3; GC-SA3" 


GUCY1B2 


"guanylate cyclase 1, soluble, beta 2" 


GUCV1133 


"GTJC1B3; guanylate cyclase 1, soluble, beta 3; GC-SB3" 


GUCY2C 


GUC2C; guanylate cyclase 2C (heat stable enterotoxin receptor); guanylyl 
cyclase C; STAR 


GUCY2D 


"GUC2D; LCA; guanylate cyclase 2D, retina- specific (Leber congenital 
amaurosis 1); Leber congenital amaurosis; Hs.1974; GTJC1A4; guanylate 
cyclase 2D, membrane (retina- specific); LCA1; retGC" 


GUCY2E 


guanylate cyclase 2E; GC-E 


GUCY2F 


"guanylate cyclase 2F 5 retinal; GUC2DL; GC-F; RetGC-2; guanylate cyclase 
2D- like, membrane (re tin a- specific)" 


GUK1 


guanylate kinase 1 


GUK2 


guanylate kinase 2 


GULOP 


gulonolactone (L-) oxidase pseudogene; GLO; GULO 


GUSB 


"Hs.29174; glucuronidase, beta" 


GUSM 


"glucuronidase, beta (mouse) modifier of** 


GYS1 


Hs-772; GYS; glycogen synthase 1 (muscle) 


GYS2 


glycogen synthase 2 (liver) 


GZIVTA 


"CTLA3; granzyrne A (gran zy me 1, cytotoxic T-lymphocyte- associated serine 
esterase 3); HFSP" 


GZMB 


"CTLA1; granzyrne B (granzyrne 2, cytotoxic T-rymphocyte-associated serine 
esterase 1); CSPB; CCPI; CGL-1; CSP-B" 




"granzyrne Kl (serine protease, granzyrne 3; tryptase II); TRYP2; Hs.3066; 
PRSS; granzyrne K (serine protease, granzyrne 3); granzyrne 3; tryptase II" 


G.ZIVHVI 


IvIETl; LMET1; granzyrne 3VI (lymphocyte met-ase 1) 


H.6PD 


hexose-6-phosphate dehydrogenase; glucose 1 -dehydrogenase 


HADH 


hydroxyacyl-Coenzyme A dehydrogenase 


HADH2 


"hydroxy acyl-Coenzyme A dehydrogenase, type II; ERAJB" 


HADHA 


"hydroxyacyl-Coenzyme A dehydrogenase/3 -ketoacyl-Coenzyme A 
thiolase/enoyl- Coenzyme A hydratase (tri functional protein), alpha subunit; 
Hs.75 860; GBP" 


HADHAP 


hydroxyacyl-Coenzyme A dehydrogenase/3 -ketoacyl-Coenzyme A 
thiolase/enoyl- Co enzyme A hydratase pseudogene (gastrin binding protein 
pseudogene) 


HADHB 


"hydroxyacyl-Coenzyme A dehydrogenase/3 -ketoacyl-Coenzyme A 
thiolase/enoyl-Coenzyme A hydratase (tri functional protein), beta subunit" 


HADHSC 


~> * i y v-i*. Ktjk.y *xs-ry i-*w<ucnz,yj i ic ucny urugcnasc , snort cnam, o K_^jrl x\_x_J 


HAGH 


hydroxyacyl glutathione hydrolase 


HAL 


Hs.S9429; HIS; histidine ammonia- lyase 
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HAO 


"HAO-PEN; 3-hydroxyanthxanilate 3,4-dioxygenase" 


II AO 1 


GOX1; hydroxyacid oxidase (glycolate oxidase) 1; GOX 


HARS 


Hs.2741; histidyl-tRNA synthetase 


HAS1 


HAS; hyaluronan synthase 1 


HAS2 


hyaluronan synthase 2 


HAS3 


hyaluronan synthase 3 


HAT 


airway trypsin -like protease 


HAT1 


hi stone acetyltransf erase 1 


HBACH 


cytosolic acyl coenzyme A thioester hydrolase 


HBOA 


HBOl; histone acetyltransferase 


HCCS 


CCHL; holocytochrome c synthase (cytochrome c heme-lyase) 


HCK 


Hs.S9555; JTK9; hemopoietic cell kinase; Hs.77058 


HD 


huntingtin (Huntington disease); Hs.79391; IT15 


HDAC1 


"RPD3L1; histone deacetylase 1; HD1; FJPE>3 (reduced potassium dependency, 
yeast, homolog)-like 1" 


HDAC2 


histone deacetylase 2 


HDAC3 


histone deacetylase 3 


HDC 


Hs.1481; histidine decarboxylase 


HE1 


">IPC2; NP-C2; Niemann -Pick disease, type C; epididymal secretory protein 
(19.5kL>) n 


HELLS 


"helicase, lymphoid- specific; LSH" 


HEP 2 7 


short-chain alcohol dehydrogenase family member 


HERA-D 


"HERA- A; GTPase, human homolog of E. coli essential cell cycle protein Era" 


HEXA 


hexosaminidase A (alpha polypeptide) 


HEXB 


Hs.51043; hexosaminidase P> (beta polypeptide) 


HGD 


"-AICXJ* homogentisate 1 ,2— dioxygenase (homogentisate oxidase); HCjG; 
Hs .15113; Alcaptonuria" 


HGS 


human growth factor-regulated tyrosine kinase substrate; HRS ; human growth 
f actor ^regulated tyrosine kinase substrate 


HHCMA56 


putative oxidoreductase 


HBBADH 


3 -hydroxy isobutyrate dehydrogenase 


HUSTT 


PRICCNH1; histidine triad nucleoti de-binding protein; protein kinase C inhibitor 
1; PICCI-1 


HIPK3 


homeodomain- interacting protein kinase 3 ; PKY; DYRK6 




Hs. 75276; hexokinase 1 


HK2 


hexokinase 2 


HIC2P 


hexokinase 2 pseudogene 


MIC3 


Hs.94397; hexokinase 3 (white cell) 


HLCS 


holocarboxylase synthetase (biotin-jjproprionyl-Coenzyme A-carboxylase (ATP- 
hydrolysing)] ligase); Hs.79375; HCS 


HMBS 


Hs.S2609; UPS; PBGD; hydroxymethylbilane synthase 


I-I3VTGCL 


3 -hydroxy-3-methylglutaryl -Coenzyme A lyase 
(hydroxymethylglutaric aciduria); Hs.83 1 ; HL 


ITTVIGCR 


3-hydroxy-3-methylglutaryl-Coenzyme A reductase 


HMGCS1 


Hs.21808; HMGCS; 3 ~hydroxy-3-methylglutaryl- Coenzyme A synthase 1 
(soluble) 
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HMGCS2 


3 -hydroxy- 3 -methyl glutaryl- Co enzyme A synthase 2 (mitochondrial) 


HMOX1 


Hs. 75967; heme oxygenase (decycling) 1 


HMOX2 


Hs. 83853; HO-2; heme oxygenase (decycling) 2 


HNK^IST 


pnsnKL-1 sulfotransferase 


HNMT 


histamine IST-methyltransferase 


HPD 


Hs.89831; PPD; 4-hydroxyphenylpyruvate dioxygenase 1 


HPGD 


hydroxyprostaglandin dehydrogenase 15-(NAD) 


HPIST 


"hepsin (transmembrane protease, serine 1); Hs.823; TMPRSS1; hep sin" 


HPRT1 


Hs.823 14; HPRT; HGPRT; hypoxanthine phosphoribosyltransferase 1 (Lesch- 
Nyhan syndrome) 


IIPRT2 


hypoxanthine phosphoribosyltransferase 2 


HPRTP 1 


hypoxanthine phosphoribosyltransferase pseudogene 1 


HPRTP2 


hypoxanthine phosphoribosyltransferase pseudogene 2 


HPRTP 3 


hypoxanthine phosphoribosyltransferase pseudogene 3 


HPRTP4 


hypoxanthine phosphoribosyltransferase pseudogene 4 


I IPSE 


HP A; HSE1; heparanase 


HRMT1L1 


"HMT1 (hnPJSTP methyltransf erase, S. cerevisiae)-Hke 1; PPJVrr2" 


HRJVTT1L2 


"HMT1 (hnRNP methyltransf erase, S. cerevisiae)-lilce 2; HCP1; PRJVfXl" 


HS3ST1 


heparan sulfate (glucosamine) 3 -O- sulfotransferase 1 


HS3ST2 


heparan sulfate (glucosamine) 3 -O- sulfotransferase 2 


HS3ST3A1 


heparan sulfate (glucosamine) 3 -O -sulfotransferase 3A1 


HS3ST3A2 


heparan sulfate (glucosamine) 3 -O- sulfotransferase 3A2 


HS3ST3B 1 


heparan sulfate (glucosamine) 3-O-sulfotransferase 3B 1 


HS3ST3B2 


heparan sulfate (glucosamine) 3 -O- sulfotransferase 3B2 


HS3ST4 


heparan sulfate (glucosamine) 3 -O- sulfotransferase 4 


HS6ST 


heparan-sulfate 6 -sulfotransferase 


HSA9947 


putative ATPase 


HSCR2 


HSCR; Hirschsprung disease 2 


USE) 1 1B1 


HSD11; HSmiB; hydroxy steroid (11-beta) dehydrogenase 1 


HSD11B2 


hydroxysteroid (11-beta) dehydrogenase 2 


HSD17B 1 


HSD17; EDHB17; EDH17B2; hydroxysteroid (17-beta) dehydrogenase 1 


HSD17B2 


Hs.181; hydroxysteroid (17-beta) dehydrogenase 2 


HSD17B3 


Hs.477; hydroxysteroid (17-beta) dehydrogenase 3 


HSD17B4 


hydroxysteroid (17-beta) dehydrogenase 4 


HSD17B5 


hydroxysteroid (17-beta) dehydrogenase 5 


HSD17BP1 


HSD17; EDHB17; EDH17B1; hydroxysteroid (17-beta) dehydrogenase 
pseudogene 1 


HSD3B1 


"Hs.38586; HSDB3; HSD3B; hydroxy-d el ta- 5 -steroid dehydrogenase, 3 beta- 
and steroid delta-isomerase 1 " 


HSD3B2 


"hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 2" 


HSD3B3 


"HSD3B3-LSB; hydroxy -delta-5 -steroid dehydrogenase, 3 beta- C(27); giant 
cell hepatitis, neonatal" 


HSD3BP1 


' 'hydroxy-d elta- 5 -steroid dehydrogenase, 3 beta, pseudogene 1" 




n hydroxy-delta-5 -steroid dehydrogenase, 3 beta, pseudogene 2" 


HSD3BP3 


"hydroxy -delta-5 -steroid dehydrogenase, 3 beta, pseudogene 3" 


HSD3BP4 


"hydroxy-delta-5 -steroid dehydrogenase, 3 beta, pseudogene 4" 
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HSD3BP5 


"hydroxy- delta- 5 -steroid dehydrogenase, 3 beta, pseudogene 5" 


HTOR 


5 -hydroxy tryptaniine (serotonin) oxygenase regulator 


HTR7 


Hs.73739; 5-hydroxytryptamine (serotonin) receptor 7 (adenylate cyclase- 
coupled) 


HU-K5 


iysophospholipase-like 


HYAL1 


hyaluronoglucosaminidase 1; LXJCA1; HYAL-1 


HYAL2 


LXJCA-2; hyaluronoglucosaminidase 2 


HYAL3 


hyaluronoglucosaminidase 3; LUCA-3; LUCA14; Minna 14 


HYL 


HYL-PE2ST; hematopoietic consensus tyro sine-lacking lcinase 


IARS 


Hs.89412; ELRS; isoleucine-tRIsTA synthetase; Hs.78770 


IBD1 


inflanimatory bowel disease 1 ; Crohn disease 


IBGC1 


idiopathic basal ganglia calcification 1; BGCI; IBGC; Fahr disease 


ICB-1 


basement membrane-induced gene 


IDH 1 


"isocitrate dehydrogenase 1 (NADP+), soluble" 


IDH2 


"Hs. 105969; isocitrate dehydrogenase 2 (rST.AJDP-1-), mitochondrial" 


IDH3A 


isocitrate dehydrogenase 3 (INfAXM-) alpha 


IDH3B 


isocitrate dehydrogenase 3 (NAD+) beta 


IDH3G 


isocitrate dehydrogenase 3 (NAD+) gamma 


mil 


isopentenyl diphosphate delta isom erase 


EDO 


"Hs.840; indole 2,3-dioxygenase" 


IDS 


iduronate 2-sulfatase (Hunter syndrome); Hs.79285; SIDS 


rospi 


3DS2; iduronate 2-sulfatase pseudogene 1 


IDUA 


"iduronidase, alpha-L-; Hs.89560 M 


IKBKAP 


"inhibitor of kappa light polypeptide gene enhancer in 33— cells, lcinase complex- 
associated protein; IKLAP" 


TKRK R 


"inhibitor of kappa light polypeptide gene enhancer in B— cells, kinase beta; 
UCIC2; NDFKjBIKB; IKKl-beta" 


IKJBICG 


"inhibitor of kappa light polypeptide gene enhancer in B-cells, Idnase gamma; 
NEMO; IKK-gamma" 


IL17 


CTLA8; interleukin 17 (cytotoxic T-lymphocyte- associated serine esterase 8); 
T-Is.41724 


ILF3 


"interleukin enhancer binding factor 3, 90kE>; M-phase phosphoprotein 4; NF90; 
MPP4; DRBP76; NFAR-1; MPHOSPH4; MMP4" 


ILIC 


integrin-linked lcinase; Hs.6196 


ILVBL 


AHAS; 1LV2H; ilvB (bacterial acetolactate synthase)-like 


hvlpai 


BMP A; inositol(myo)-l(or 4)- monophosphates e 1 


IMPA2 


inositol(myo) - 1 (or 4)-monophosphatase 2 


IMPDH1 


Hs.850; IMP (ino sine monophosphate) dehydrogenase 1; sWSS2608 


IMPDH2 


Hs.75432; IMP (inosine monophosphate) dehydrogenase 2 


IMPDHL1 


IrvIP (inosine monophosphate) dehydrogenase-lilce 1 


LISTDO 


"IDO; indoleamine-pyrrole 2,3 di oxygenase" 


LNTTVLX 


ndolethyl amine N-methyltransf erase; thioester S-methyltransferase-lilce; 
indolethylamine N-methyltransferase 


INPP1 


inositol polyphosphate- 1 -phosphatase; Hs.32309 


INPP3 


ino s i to 1 p o lyphosp hate- 3 -ph o sphata se 


INPP4A 


INPP4; inositol polyphosphate-4-phosphatase 
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INPP4B 


"inositol polyphosphate-4-phosphatase, type II, 105kD" 


INPP5A 


"inositol trisphosphate- 5 -phosphatase, 401cD; inositol polyphosphate- 5- 
phosphatase, 40kE>" 


I1nPP5B 


"inositol polyphosphate- 5 -phosphatase, 75kX>" 


INPP5C 


"inositol polyphosphate-5 -phosphatase, 120kD" 


INPP5D 


"inositol polyphosphate-5 -phosphatase, 145kD; SHIP; hp51CN M 


INPPL1 


Hs. 75339; inositol polyphosphate phosphatase- like 1; SHIP2 


IQGAP2 


IQ motif containing GTPase activating protein 2 


IRAK-M 


in terl eukin - 1 receptor- associated kinase JVt 


IRAKI 


interleukin-1 receptor- associated kinase; IRAK; Pelle (Drosophila) homolog; 
pelle 


IRAK 2 


interl eukin- 1 receptor-associated kinase 2; IRAJK-2 


ITIC 


IL2 -inducible T-cell kinase; EMT; T-ce 11- specific tyrosine kinase; homolog of 
mouse T-cell itk/tsk tyrosine kinase; PSCTIC2 


ITPA 


inosine triphosphatase (nucleoside triphosphate pyrophosphatase) 


ITPICl 


"inositol 1 ,3 ,4- trisphosphate 5/6 kinase" 


IT PICA 


"Hs.2722; inositol 1 ,4,5-trisphosphate 3 -kinase A" 


ITPKJ3 


"Hs.78877; inositol 1,4, 5 -trisphosphate 3 -kinase B" 


IVD 


H s . 7 7 5 1 0 ; iso valery 1 Co en zym e A deny dro genase 


JAIC1 


JAK1A; Janus kinase 1 (a protein tyrosine kinase) 


JAIC2 


Janus kinase 2 (a protein tyrosine kinase) 


JAIC3 


"Hs.99877; L-JAK; Janus kinase 3 (a protein tyrosine kinase, leukocyte)" 


JTIC5A 


JTK5A protein tyrosine kinase 


JTK5B 


JTKL5B protein tyrosine kinase 


KAPPA 


"KLappa transcript, coding region similar to kinases" 


KAJR 


Aromatic alpha-keto acid reductase 


KARS 


lysyl-tRJSTA synthetase 


ICATII 


kynurenine aminotransferase II 


KATNA1 


katanin p60 (ATP as e- containing) subunit A 1 


KDR 


kinase insert domain receptor (a type III receptor tyrosine kinase); Hs. 12337; 
FLIsL 1 ; VEGFR2 


KJHGKL 


ketohexokinase (fructokinase); Hs.81454 


KIAA05 6 o 


"ATP#; ATPase type IV, phospholipid transporting (P-type) (putative)" 


KlAAUo 1 1 


"ATP#; ATPase type IV, phospholipid-ti-ansporting (P-type) s (putative)" 


KIAAU odU 


G3BP2; Ras-GTPase activating protein SH3 domain-binding protein 2 




HDAC6; histone deacetylase 6 


KIAA0928 


helicase-moi 


KJP2 


DNA-dependent protein kinase catalytic subunit-interacting protein 2 


KLK6 


"PRSS9; kallikrein 6 (neurosin, zyme); protease, serine, 9 (neurosin); protease 
IVT" 


KLK7 


"PI^SS6; kallikrein 7 (chymotryptic, stratum comeum); SCCE; protease, serine, 
<5 (chymotryptic, stratum comeum)" 


SSJlYXKJ 


kynurenine 3 -mono oxygenase (kynurenine 3 -hydroxylase) 


KNPEP 


lysyl aminopeptidase (aminopeptidase Co) 


KSR 


KSR1; kinase suppressor ofras 


KWE 


keratolytic winter erythema (Oudtshoom skin disease) 
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KYN 


KYN-PEN; kynureninase 


KLYTSTU 


kynureninase (L-kynurenine hydrolase) 


LAP70 


"apyrase, lysosomal" 


LARGE 


like- gly cosy ltransf erase; ICIAAO609 


LARS 


1 eucy] -tRNA synthetase 


LAS 


lipoic acid synthetase 


LCAT 


Hs.23513; lecithin- cholesterol acyltransferase; Norum disease; fish-eye disease 


LCB2 


"ICIAA0526; serine palmitoyltransferase, sub unit U" 


LCK 


HLs.1765; lymphocyte-specific protein tyrosine kinase 


LCT 


Hs.2251; lactase 


LDHA 


Hs.2795; lactate dehydrogenase A 


LDHAL1 


lactate dehydrogenase A-like 1 


LDHAL2 


lactate dehydrogenase A-like 2 


LDHAL3 


lactate dehydrogenase A-like 3 


LDHAL4 


lactate dehydrogenase A-like 4 


LDHAL5 


lactate dehydrogenase A-like 5 


LDHB 


Hs. 7454-5; lactate dehydrogenase B 


LDHBL1 


lactate dehydrogenase B-like 1 


LDHBP 


LDHBL2; lactate dehydrogenase B pseudogene 


LDHC 


Hs.99881; lactate dehydrogenase C; Hs.51 1 


LIG1 


"Hs.1770; ligase I, DMA, ATP- dependent" 


LIG2 


"ligase II, DNA, ATP- dependent" 


LIG3 


f, Hs.l00299; ligase in, DNA, ATP -dependent" 


LIG4 


"ligase IV, DNA, ATP- dependent" 


LIM 


ENH; LDVI protein (similar to rat protein kinase C-binding enigma) 


LIMK1 


LIIVOC; Lllvr domain kinase 1; Hs.36566; LHVI motif-containing protein kinase 


LDVEK2 


LIIVT domain kinase 2 


LIPA 


"Hs.85226; lipase A, lysosomal acid, cholesterol esterase (Wolman disease)" 


LIPB 


"lipase B, lysosomal acid" 


LI PC 


"Hs-9994; lipase, hepatic; HL" 


LIFE 


"lipase, hormone- sensitive; HSL" 


LIPF 


"HGL; HLAL; lipase, gastric" 


LIPG 


"EL; EDL; lipase, endothelial" 


LKR/SDH 


lysine-ketoglutarate reductase /saccharopine dehydrogenase 


LNPEP 


leucyl/cystinyl aminopeptidase (oxytocinase); CAP; PLAP 


LOAD 


late-onset Alzheimer disease susceptibility 


LON 


"LON-PEN; Lon, ATP -dependent protease (homolog of bacterial Lon)" 


LOX 


Hs. 79234; lysyl oxidase 


LOXL1 


LOXL; lysyl oxidase-like 1 


LOXL2 


lysyl oxidase-like 2; WS9-14 n 


LPAAT- 
BETA 


lysophosphatidic acid acyltransferase beta 


LPL 


lipoprotein lipase; Hs.83 122; LIPD 


LPO 


lactoperoxidase; SPO; salivary peroxidase 


LRAT 


lecithin retinol acyltransferase (phosphatidylcholine — retinol O-acyltransferase) 
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T CUP 


"Leigh syndrome, French-Canadian type (cytochrome oxidase deficiency)" 




LSIC-PEr^T; leukocyte carboxyl - terminal src kinase related gene 


LSS 


"lanosterol synthase (2,3-oxidosqualene-lanosterol cyclase); OSC" 


T "TP A /ITT 
-L 1 A4J1 


Jris.o 1 1 lo, leuKoiriene nyaroiase 


1 B4JdiJ 


LXB4KLD-PEN; leukotriene B4 12-hydroxy dehydrogenase 


LTC4S 


Hs.456; leulcotriene 04 synthase 


LTK 


Hs.210; TYIC1; leukocyte tyrosine kinase 


LYPLA1 


lysophospholipase I; LPL1; APT-1; hLysoPLA 


LYPLA2 


lysophospholipase II; APT-2 


MACS 


"Hs. 75607; 80K-L; MAJRCICS; myristoylated alanine-rich protein kinase C 
substrate (MARCKS, 80K-L)" 


MACSL1 


"myristoylated alanine-rich protein kinase C substrate (MARCKS, 80IC-L)-like 
1 " 


MAK 


male germ cell-associated kinase 


A* A "KT1 A 1 


"mannosidase, alpha, class 1A, member 1" 


TV vf A XT TWO 


"MAN1B; mannosidase, alpha, class 1 A, member 2" 


MAN1B1 


"MA3SJA-ER; mannosidase, alpha, class IB, member 1" 


MAJNT2A1 


"MANA2; Hs.75296; mannosidase, alpha type II; Hs.32965" 




"mannosidase, alpha, class 2 A, member 2; mannosidase, alpha type HOC; 

Ik. JT A ^fv T A ■^"Vi^'M 

IV1AjSjA2X 


MAN2B 1 


MAxnTB; Hs. 89432; mannosidase, alpha B, lysosomal; LAMAIn ; Hs.375" 


MA2n2C1 


"MANA1; MA3SJA; mannosidase, alpha A, cytoplasmic" 


JvLAJSIi3A 


"mannosidase, beta A, lysosomal" 


TV v*" A XTDT1 


"mannosidase, beta B, soluble" 


MAOA 


Us. 1782; monoamine oxidase A 


MA OB 


Hs.82163; monoamine oxidase B 


map2k:i 


"PRKMK1; MEK1; MAPKK1; protein kinase, mitogen- activated, kinase 1 
(MAP kinase kinase 1); MKKl" 


MAP2IC2 


"PRJCMCK:2; MEK2; protein kinase, mitogen-activated, kinase 2, p45 (MAP 
kinase kinase 2)" 


MAP2K3 


"PRKMIC3; protein kinase, mi tog en- activated, kinase 3 (MAP kinase kinase 3); 
MEK13; JVHCIC3" 


Tvl AJP2IC4 


SERIC1; SAPK/Erk kinase 1; 3VIEK4; JNKK1; PRKMK4 


MAP2K5 


"PRJKMKL5; protein kinase, mitogen- activated, kinase 5 (MAP kinase kinase 5); 
MEK5" 


MAP2IC6 


"PRJCMK16; protein kinase, mitogen-activated, Icinase 6 (MAP kinase kinase 6); 
MEK6; M3CKL6; SAPKJKL3 " 


MAP2IC7 


"PRKJVtK:7; MKJSC7; protein kinase, mitogen-activated, kinase 7 (MAP kinase 
kinase 7); Jnkk2; M APKLIC7 " 


MAP3K1 


MEKK1; MAP/ERIC kinase Icinase 1; MEKK; MAPKKIC1 


MAP3K10 


"MLKL2; mitogen-activated protein kinase kinase kinase 10; mixed lineage 
kinase 2 (tyr and ser/thr specificity); serine/threonine kinase, non-receptor type; 

MQT" 
IVXo x 


MAP3K1 1 


MXJC3" mixed lineape kinase 3- PTK 1 - S5PT?"PC - MT TC-3 


MAP3K12 


ZPK; zipper (leucine) protein kinase 


MAP3K13 


LZIC; mitogen-activated protein kinase kinase Icinase 1 3 
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MAP3K2 


MEICJC2; MAP 3 IC2-PElSnDrNG ; mitogen- activated protein kinase lcinase kinase 
2 


MAP3K3 


MEPCJC3; MAP/ERK kinase idnase 3; MAPKKK3 


MAP3K4 


MEKIC4; MAP/ERIC kinase kinase 4; MTK1; MAPKKIC4 


MAP3K5 


MEICK.5; MAP/ERK. kinase kinase 5; ASK1; MAPKJCiCS 


MAP3K6 


mitogen -activated protein kinase kinase kinase 6; 3VLAPKKK6 


MAP3K7 


TAJC1; transforming growth factor beta-activated kinase 1 


MAP3IC9 


MLK1; mixed lineage kinase 1 (tyr and ser/thr specificity); PRICE 1 


M AP4IC 1 


IIP3C1 ; mitogen- activated protein kinase kinase lcinase kinase 1 


MAP4K2 


RAB8IP; Rab8 interacting protein (GC kinase); GCK; BL44 


MAP4K3 


GLIC; RAJ38IPL1 ; mitogen-activated protein lcinase lcinase kinase lcinase 3 


"FV/f AP4K"4 


HC3KL; r^ UC; ICI_A_A.0687; mitogen-activated protein kinase kinase kinase kinase 
4 


JlVX^ \ I *-r XS^_J 


1T~l "1 tn CTf^n — Tl'V/'^l Ttf^fl T"VT~<"*1"tf^iTi VlTi^QP I^ITl^lQf* lcT iTli^S lc~l T*l £l • "K^T-TR* TCTTS— "P WTsT* 

kinase homologous to SPS1/STE20; KHS1 


"IVT A PTC 1 


"PRJKJVi.l; mitogen-activated protein kinase 1; PR TC "IVT 2 * protein kina.se, mitogen— 
activated 1 (MAP kinase 1; p40 s p41); ERIC; ERIC2; MAPIC2; p41 maple; p38" 


MAPK1 1 


PRKM1 1 ; mitogen-activated protein kinase 1 1; protein kinase mitogen- 
activated 1 1; SAPK2; p3 8-2; p3 8Beta 


Tvl APK. 1 2 


S A PIC 3 ; stress-activated protein lcinase 3 ; ERIC6; PR1CM 1 2; p3 8gamma 


MAPK13 


PRICM13; protein lcinase mitogen- activated 13; S AP3C4; p38delta 


MAPPC14 


CSBP1; CSBP2; cytokine suppressive anti-inflammatory drug binding protein 2 

^J-)0 JLVJl-fTL-£r JViltaoC/y^ V_^OX J_J> X - OJk IU1V111C' &UJjpA CoolVC all Li. 11 ULlctlXXXlld LiJl ^ ux ug 

binding protein 1 ; PRICJVI 1 4; p3 8 ; Mxi2 ; PRJCM 15 




"PTiTrM"^' nrntrin l<"i i~t » cp Tnitrnrpn-nriivntprl /TV/TAP Vinacf Q - nzlzl^ - ~F7T? Tif 1 - 

p44mapk; p44erkl" 


MAPK4 


"PRICM4; protein kinase, mitogen-activated 4 (MAP lcinase 4; p63); Erk3- 
related; ERIC3" 


7V1 APTC6 


* 1 1 ^ T<C TV/1 {~\ ■ nTntpin l<ri"n « "d<=* rnitn cr*=*n — si r*1~n vsi+^rl ( F*~wk~rc*t-' f=»l li iT m- ciem5i1^r<ami1citp>/^ 

kinase, p97); protein lcinase, mitogen-activated 5 (extracellular signal-regulated 
lcinase, p97); ERK3; p97MAPK" 


MAPJC7 


PRICM7; mitogen-activated protein lcinase 7; B3VUC1 ; ERK5 


MAPKAl^a 


mitogen-activated protein lcinase -activated protein lcinase 2 


MAPKAPK3 


MAPKAP ; 3pK; mitogen-activated protein kinase-activated protein lcinase 


MAPICAPIC5 


mitogen-activated protein kinase-activated protein lcinase 5 ; PRAIC 


MARIO 


MAP/micro tubule affinity-regulating kinase 1 


MARIC3 


MAP/microtubule affinity-regulating kinase 3; ICP78 


MARS 


methionine- tR>J A synthetase 


MASP1 


"PRSS5; MASP; protease, serine, 5 (mannos e-binding protein- associated)" 


MAT1A 


"1VIAT; methionine adenosyltransferase I, alpha; SAJVIS; MATA1 ; SAMS1" 


MAT2A 


"methionine adenosyltransferase II, alpha; SAMS2; MATA2; MATTE" 


MATIC 


Hs.274; megakaryocyte-associated tyrosine kinase 


MCCC1 


methylcrotonoyl-Co enzyme A carboxylase 1 (alpha) 


MCCC2 


methyl crotonoyl -Co enzyme A carboxylase 2 (beta) 


MCE> 


malonyl coenzyme A decarboxylase 


MCKD1 


medullary cystic kidney disease 1 (autosomal dominant); ADMCKD; MCD- 
MCKD; ADMCKD1 
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ADMCKD2; medullary cystic kidney disease 2 (autosomal dominant) 


IVDDH1 


"Hs.75375; malate dehydrogenase 1,NAD (soluble)" 


MDH2 


"malate dehydrogenase 2, NAD (nutochondrial)" 


ME78 


ME78-PEjNF; Metallo-endopeptidase(78KX>a)(cleaves a beta-APP substrate 
peptide) 


MEB 


muscle-eye-brain disease 


MED 6 


"R3STA polymerase H transcriptional regulation mediator (Med6, S. cerevisiae, 
homo log of)" 


MEP1A 


"meprin A, alpha (PAJ3A peptide hydrolase); PPHA" 


MERTK 


"c-mer proto-oncogene tyrosine kinase; MER; MER-PEINT; protooncogene c-mer 
(tyrosine kinase expressed in monocytes, epithelial, and reproductive tissues); c- 
mer" 


METTL1 


methyltransferase-like 1; C12orfl; YDL201w 


MGAM 


JVfG; MGA; maltase-glucoamylase (alpha-glucosidase) 


MGAT1 


"mannosyl (alpha- 1 ,3-)-glycoprotein beta- 1 ,2-N-acetylglucosaminyltransferase; 
Hs. 82148; GNT-I; MGAT; GLYT1; GLCNAC-TI " 


MGAT2 


"mannosyl (alpha- 1 ,6-) -glycoprotein beta- 1 ,2-N-acetylglucosaminyltransferase; 
G2STT-II" 


MGAT3 


"mannosyl (beta- 1 ,4-) -glycoprotein beta-l^-lSr-acetylglucosaminyltransferase; 
Hs.l 12; GNT-ffl" 


MGAT4A 


"G1STT-IV; GNT-IVA; mannosyl (alpha- 1,3-) -glycoprotein beta- 1 
acetylglucosaminyl transferase, isoenzyme A" 


MGAT4B 


"GNT-IV; GNT-IVB; mannosyl (alpha- 1 ,3-)- glycoprotein beta-1 ,4-lsT- 
acerylglucosaminyltransferase, isoenzyme B" 


MGAT5 


"mannosyl (alpha- 1 ,6-) -glycoprotein beta- 1 ,6-lST-acetylglxicosammyltransierase; 
GNT-V" 


MGEA5 


JVOEA5 ; meningioma expressed antigen 5 (hyaluronidase) 


MGMT 


O-6-methylguanine-DNA methyl transferase; Hs. 1384 


MGST1 


MGST; microsomal glutathione S-transferase 1; MGST-I; GST12 


1VEGST1E1 


PIG 12; 2VlGST-rV; microsomal glutathione S-transferase 1-Iike 1 


MGST2 


microsomal glutathione S-transferase 2; MGST-I1 


MGST3 


microsomal glutathione S-transferase 3 


MINPP 1 


1VIIPP; 1VDTNPP2; multiple inositol polyphosphate phosphatase 1 


MIPHP 


mitochondrial intermediate peptidase; 3VHP; HMDP 


MJD 


"Machado -Joseph disease (spinocerebellar ataxia 3, olivopontocerebellar ataxia 
3, autosomal dominant, ataxih 3); ATX3; SCA3; Machado- Joseph disease" 


MJD4 


M JD4-PE3ST; Machado- Joseph disease-related 4 


MIDL1 


MJD2; Machado -Joseph disease-like- 1 




MNKL1; MAP kinase-inter acting serme/threonine kinase 1 


MICP-L 


MKP-l like protein tyrosine phosphatase 




dual specificity phosphatase MKLP-5 


MLD 


membrane fatty acid (lipid) desaturase 


MMCP-7- 
LIKE-2 


MMCP-7-LIKE-1; mast cell tryptase 


]S/HsdE 


"membrane metallo-endopeptidase (neutral endopeptidase, enlcephalinase, 
CALLA, CDIO); Hs.1298; CDIO; CALLA" 


MMP1 


Hs.83169; CLG; matrix metalloproteinase 1 (interstitial collagenase) 



-58- 



WO 03/027634 



PCX/US02/30249 



Name 


Description of Enzyme 


ivnvipi o 


Hs.2258; STMY2; matrix metalloproteinase 10 (stromelysin 2) 


MIVIPll 


SXTVLY3; matrix metalloproteinase 1 1 (stromelysin 3) 


2VQV1P12 


matrix metalloproteinase 12 (macrophage elastase); Hs.1695; HME 


NUVCP13 


Hs.2936; CLG3; matrix metalloproteinase 13 (collagenase 3) 


NHVDP14 


matrix metalloproteinase 14 (membrane-inserted); 3VIT1-1VGVLP 


MMP15 


matrix metalloproteinase 15 (membrane-inserted); MT2-MTVIP 




matrix metalloproteinase 16 (membrane-inserted); MT3 -JV13VLP 


MMP17 


matrix metalloproteinase 1 7 (membrane-inserted); MX4-I\4JV1P 


1VE1VLP19 


1VOVEP18; matrix metalloproteinase 19; matrix metalloproteinase 18; RASI-1 


IVCMP2 


"Hs.80343; CLG4; CLG4A; matrix metalloproteinase 2 (gelatinase A, 72kE> 
gelatinase, 72kD type IV collagenase); Hs. 75399; Hs. 75557" 


MMP20 


matrix metalloproteinase 20; enamelysin 


3VDVLP23A 


1VTTFR; IvtMCP21; MXFR-1; matrix metalloproteinase 23 A. 


IVI1VLP23B 


1MQV1P22; matrix metalloproteinase 23 B 


MIV1P24 


NTT 5 -VnVIP; matrix metalloproteinase 24 (membrane -inserted) 


ivnviP3 


"Hs. 83326; STTvlY; SXMY1; matrix metalloproteinase 3 (stromelysin 1, 
progelatinase); Hs.46450 M 


MMP7 


"Us. 2256; MPSL1; MMP-7; PXJMP-1; matrix metalloproteinase 7 (matrilysin, 
utei-ine)" 


MMP8 


Hs.73862; CLG1; matrix metalloproteinase 8 (neutrophil collagenase) 


MMP9 


"CLG4B; matrix metalloproteinase 9 (gelatinase B, 92kD gelatinase, 921cD type 
IV collagenase)" 


M3VIPL1 


matrix metalloproteinase-like 1 ; IVOVLP20; matrix metalloproteinase-lilce 1 


3VOVISDH 


methylmalonate-semialdehyde dehydrogenase 


MOX1 


mito genie oxidase (pyridine nucleotide- dependent superoxi de-generating) 


MPG 


Hs. 79396; IVLDG; INT-methylpurine-DlsTA glycosylase 


MP I 


Hs-75694; mannose phosphate isomerase 


MPO 


myeloperoxidase; Hs.1817 


1VLPP-1 


Ivl-phase phosphoprotein 1 


MPP-IO 


rvl phase phosphoprotein 10 (XJ3 small nucleolar ribonucleoprotein) 


MPP-6 


IV1 -phase phosphoprotein 6 


1VIPP-9 


JsA phase phosphoprotein 9 


1V1PSX 


mere aptopyru vat e sulfurtransf erase; 1MSX 


IvlSRA 


methionine sulfoxide reductase A 


JVEST-3 


SXE20-lilce kinase 3 


MST1R 


Hs.2942; RON; macrophage stimulating 1 receptor (c-met-related tyrosine 
kinase) 


MXAP 


Hs.3245; methylthioadenosine phosphorylase 


3VIXAPP 


MTAPP-PEN; methylthioadensine phospnorylase pseudogene 


MTATP6 


AXP synthase 6 


IVIXAXP8 


AXP synthase 8 


MTCOl 


cytochrome c oxidase I 


MTC02 


cytochrome c oxidase II 


IVIXC03 


cytochrome c oxidase III 
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MTHFD1 


"MTHFD; Hs.37791; MTHFC; 5, 10 -methy lenetetr any drofolate dehydrogenase, 
5,10 -metnylenetetrahy drofolate cyclohy drola se, 1 0 - formy ltetrahy dro folate 
synthetase; Hs.1793" 


MTHFD1P1 


"MTHFDP 1 ; MTHFDL 1 ; 5 , 1 O-methylenetetrahydrofolate dehydrogenase, 5,10- 
methylenetetrahydrofolate cyclohy drolase, 1 0-foixny ltetrahy drofol ate synthetase 
pseudogene 1" 


MTHFD2 


"ISnvrDlVIC; methylene tetrahydrofblate dehydrogenase (TNTAIDH- dependent), 
methenyltetrahy drofolate cyclohy drolase " 


MTHFR 


"5,1 O-methylenetetrahy drofolate reductase (NADPH) " 


MTHFS 


"MTHFS-PEN; 5 a lO-metheny ltetrahy drofolate synthase" 


MTND 1 


"NADH dehydrogenase, subunit 1 (complex I)" 


1VITTSTD2 


"NAJDH dehydrogenase, subunit 2 (complex I)** 


IVLTTSTD3 


"NADH dehydrogenase, subunit 3 (complex I)" 


MTND4 


"NADH dehydrogenase, subunit 4 (complex I)"- 


MTND4I, 


"NADH dehydrogenase, subunit 4L (complex I) M 


MX1STD5 


•'NADH dehydrogenase, subunit 5 (complex I)" 


MX2STD6 


"NADH dehydrogenase, subunit 6 (complex I)" 


MTR 


5 -methyltetrahydrof olate-homo cysteine methy ltransferase 


MTRF1 


mitochondrial translational release factor 1; M'l'lKPl; RF1 


MTRR 


5 -methy ltetrahy dr ofolate-homocy steine methy ltransferase reductase 


musk: 


"muscle, skeletal, receptor tyrosine kinase" 


2VETJT 


methylmalonyl Coenzyme A mutase 


MVD 


mevalonate (diphospho) decarboxylase; IVIPD 


2VLVTC 


mevalonate kinase (mevalonic aciduria); Hs.75138 


JS/TYHJC 


"myosin, heavy polypeptide kinase" 


MYLK 


"myosin, light polypeptide kinase" 


MYIJCP 


"myosin, light polypeptide kinase pseudogene" 


MYP1 


"myopia 1 (X-linked, Bomholm eye disease included)" 




"myosin phosphatase, target subunit 1; IvtBS" 


MYPT2 


"myosin phosphatase, target subunit 2" 


NAADALAS 
E2 


NAALADASE2; 1ST- acetyl a ted alpha-linked acidic dipeptidase II 


NAALADAS 
EL 


1100; N-acetylated alpha-linked acidic dipeptidase- like; ILEAL 
DIPEPTIDYLPEPTIDASE 


1STAGA 


"IST-acetylgalactosaminidase, alpha-; D22S674; Hs.75372; GALB " 


NAGLU 


"N-acetylglucosaminidase, alpha- (Sanfilippo disease IHB); Hs.50727; 1STAG" 


NARS 


asparaginyl-tEQvTA synthetase 


NAT1 


AAC1; Hs.89391; arylamide acetylase 1 (N-acetyltransf erase 1) 


NAT2 


"AAC2; Hs.2; arylamide acetylase 2 (N-acety ltransferase 2, isoniazid 
inacti vation) ' 1 


NCF1 


"Hs.1583; neutrophil cytosolic factor 1 (47kT>, chronic granulomatous disease, 
autosomal 1); p47phox 1t 


NCF2 


"Hs.949; neutrophil cytosolic factor 2 (65kT>, chronic granulomatous disease, 
autosomal 2); p(S7phox" 


NCICl 


NCIC; Hs.54589; non-catalytic region of tyrosine kinase 


NDP 


Hs.2839; Norrie disease (pseudo glioma) 
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NDR 


**7ni i )R — T .?>B * serine/threonine kinase, nuclear Dfhb2— related (Drosophila) 
homolog" 


NDST1 


sulfate-N-deacetylase/N-sulfotransf erase; Hs. 20894; NST1 


NDST2 


N-deacetylase/N-sulfbtransferase (heparan glucosaminyl) 2; NST2; HSST2; N- 
deacetylase/N-sulfotransferase (heparan glucosaminyl) 2 


NDST3 


N-deacetylase/N-sulmtransferase (heparan glucosaminyl) 3 


NDUFA1 


"NA DH dehydrogenase (ubiquinone) 1 alpha subcomplex, 1 (7.51cD, IVTSVFE); 
MWFE" 


NDUFA10 


"NADU dehydrogenase (ubiquinone) 1 alpha subcomplex, 10 (42kD)" 


NDXJFA2 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 2 (8kD, BS); B8" 


NDUFA3 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 3 (9kD, B9); B9" 


NDTJFA4 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4 (9kD, 1V0LRQ); 
MLRQ" 


NDUFA5 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 5 (131cD, B13); B13" 


NDUFA5P1 


"1ST ADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 5, pseudogene 1" 


NDUFA6 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6 (14kD, B14); B 14" 


tntpvt tp a i 

IN J — J v^J x / 


"iN r .^^DH dehydrogenase (ubiquinone) 1 alpha subcomplex., 7 (14.5kD, 13 14.5a); 
B 14.5a" 


NDUFA8 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 8 (19kD, PCTV); 
PGIV" 


"NDUFA9 


"NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 9 (39kD)" 


"NTPiT TFT AR1 


"1NLADH dehydrogenase (ubiquinone) 1, alpha/beta subcomplex, 1 (8kD, 
SDAP); SDAP" 


IN X X3 1 


"TSI.ADU dehydrogenase (ubiquinone) 1 beta subcomplex, 1 (7kD, rvlINX^L); 
IV1NDL" 


TvTPlT 7F"R 1 O 


xN-rtJL-^xT. aeny a r ogen as c ^uoicjuiiioiit^i 1 ucxa suDConipicx^ lu \Z*jLi<LA-J ^ w ) ^ 
PDSW" 


NDUFB2 


"NADU dehydrogenase (ubiquinone) 1 beta subcomplex, 2 (8kD, AGGG); 
AGGG" 


NDUFB3 


"NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3 (12kD, B12); B12" 


NDUFB4 


"NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 4 (15IcD, B15); B15" 


NDUFB5 


"NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 5 (16kD, SGDH) ; 
SGDH" 


NDUFB6 


"NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 6 (17kD, B17); B17" 


NDTJFB7 


"NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 7 (181cD, B18); B18" 


NDTJFB8 


ASHI" 


NDUFB9 


"1~522" ~1nTAT~)TT rlpVivHrntrPTintiP Aibiniiinmip^ 1 V» t o cii1-\f>Amrv1p-v O ^90 l^T } poo^- 
•*— i'-ru-'-i-i uciij'ui ug&iiaEi& ^ uu itjuj j. iiji J J. ucia ouut/UmpiCA, ^ z. z k i J } n y. s.j 

IJQOR22" 


NDXJFC 1 


KFYI" 


NDTJFC2 


"NADH dehydrogenase (ubiquinone) 1, subcomplex unknown, 2 (14.5kD, 
B 1 4.5b); B 14.5b" 


MDUFS1 


NADH dehydrogenase (ubiquinone) Fe-S protein 1 (75kD) (NADH-coenzyme 
Q reductase); Hs.8248; NADH-UB IQUBSFONE OXTDOREDUCTASE 75 KD 
SUBUNIT PRECURSOR 
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NDUFS2 


NADH dehydrogenase (ubiquinone) Fe-S protein 2 (49kD) (NADH-coenzyme 
Q reductase) 


NDUPS2L 


NADH dehydrogenase (ubiquinone) Fe-S protein 2-like (ISTAXJH-coenzyrne Q 
reductase) 


NDUFS3 


NADH dehydrogenase (ubiquinone) Fe-S protein 3 (30kD) (NADH-coenzyme 
Q reductase) 


NDXJFS4 


NADH dehydrogenase (ubiquinone) Fe-S protein 4 (18kD) (NADH-coenzyme 
Q reductase); AQDQ; mitochondrial respiratory chain complex I (1 8-KD 
subunit) 


NDUFS5 


NADH dehydrogenase (ubiquinone) Fe-S protein 5 (15kD) (NADH-coenzyme 
Q reductase) 


NDUFS6 


NADH dehydrogenase (ubiquinone) Fe-S protein 6 (13kD) (NADH-coenzyme 
Q reductase) 


NDUFS7 


NADH dehydrogenase (ubiquinone) Fe-S protein 7 (20kD) (NADH-coenzyme 
Q reductase); PSST 


NDUFS8 


NADH dehydrogenase (ubiquinone) Fe-S protein 8 (23 kD) (NADH-coenzyme 
Q reductase) 


NDUFV1 


NADH dehydrogenase (ubiquinone) flavoprotein 1 (5 1 kD) 


NDUFV2 


Hs.51299; NADH dehydrogenase (ubiquinone) flavoprotein 2 (241<D) 


NDUFV2P 1 


NADH dehydrogenase (ubiquinone) flavoprotein 2 pseudogene 1 


NDUFV3 


NADH dehydrogenase (ubiquinone) flavoprotein 3 (lOkD) 


NEK1 


NIMA (never in mitosis gene a)-related kinase 1 


NEIC2 


NHvIA (never in mitosis gene a) -related kinase 2; NLK; 1 HSPK 2 1 




NIMA (never in mitosis gene a) -related kinase 3 


NEIC4 


NINIA (never in mitosis gene a)-related kinase 4; NLK2 


NEKS 


NDVIA (never in mitosis gene a)-related kinase 5; NLK3 


NEK6 


NIMA (never in mitosis gene a) -related kinase 6 


NEU1 


NEU; neuraminidase; sialidase 


NEU2 


sialidase 2 (cytosolic sialidase) 


NHU3 


neuraminidase 3 (membrane sialidase) 


NF1 


"neurofibromin 1 (neurofibromatosis, von Recklinghausen disease, Watson 
disease); Hs.93207; Hs.37170; Hs. 89393" 


NGAP 


ras GTPase activating protein-like 


NFIFS 


cysteine desulfurase 


NIK 


HS; HSNQC; serine/threonine protein -kinase 


NIPSNAP 1 


4-nitrophenylphosphatase domain and non-neuronal SNAF25-Hke 1 


NIT1 


nitrilase 1 


NM23-H6 


NME6; IP IA- ALPHA; nucleoside diphosphate kinase type 6 (inhibitor of p53- 
induced apoptosis-alpha) 


N1VIB4 


"non-metastatic cells A, protein expressed in (nucleoside-diphosphate kinase); 
nm23-H4" 


NME5 


"non-metastatic cells 5, protein expressed in (nucleoside-diphosphate kinase)" 


NMOR2 


"Hs.73956; NQ02; NAD (P)H menadione oxidoreductase 2, dioxin- inducible" 


NMTl 


3SQV1T; N-myristoyltransferase 


N7VIT2 


N-myri st oyl transferase 2 


NNMT 


nicotinamide N-methyltransferase 


NNT 


NNT-PEN; nicotinamide nucleotide transhydrogenase 
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NODI 


CARD4; caspase recruitment domain 4 


NOS1 


Hs.46752; NOS; nitric oxide synthase 1 (neuronal) 


NOS2A 


"Hs.946; NOS2; nitric oxide synthase 2 A (inducible, hepatocytes)" 


NOS2B 


nitric oxide synthase 213 


NOS2C 


nitric oxide synthase 2C 


NO S3 


nitric oxide synthase 3 (endothelial cell); Hs. 76983; consitutive endothelial 
nitric oxide synthase; ECNOS 


NTP 


Hs.755 14; nucleoside phosphorylase 


NPC1 


"NPC; Niemann-Pick disease, type CI " 


Tv"TOX> 1 
IN x^Jrv 1 


~fv f I_>~TI> A . A Xi lj ij A • ( -ST Xi xt ~) A - T ^o1*riiiT*^'Hr k i-» i i r-\ f=* -«-^^» (=*-t~\~t-f~*%t~ j\ /friion\/lci+f l ^<\7r»1 o cp A 

(atrionatriuretic peptide receptor A) 


NPR2 


NPRJB; ANPRB; GUC2B; natriuretic peptide receptor B/guanylate cyclase B 
(atrionatriuretic peptide receptor B) 


NPR2L 


homologous to yeast nitrogen permease (candidate tumor suppressor) 


NRD1 


nardilysin (N-arginine dibasic convertasc) 1; hNRDl; hNRJD2 


NRGN 


"neurogranin (protein kinase C substrate, RC3); RC3" 


NSEP1 


DBPB; nuclease sensitive element binding protein 1 


NSMAT 


neutral sphingomyelinase (TST-Srvlase) activation associated factor; FAN 


NT3 


3* nucleotidase 


NTS 


Hs. 76856; CD73; 5' nucleotidase (CD73); Hs.2382 


NT 5 CP 


NT5CP-LSB; cytosolic purine 5' nucleotidase 


NTE 


neuropathy target esterase 


NTHL1 


nth (E.coli endonuclease III)-like 1; NTH1; OCXS 3 


MTRK1 


"TRJC; neurotrophic tyrosine kinase, receptor, type 1" 


NTRKL2 


"TRKJB; neurotrophic tyrosine kinase, receptor, type 2" 


NTRK3 


"Hs.26776; TRKLC; neurotrophic tyrosine kinase, receptor, type 3" 


NTRKR1 


neurotrophic tyrosine kinase receptor-related 1 ;• Ror 1 


NTRICR2 


neurotrophic tyrosine kinase receptor-related 2; Ror2 


NTJDTl 


ivi i xj. i j iio. j o o 7 ixiul j. ^ l-uj i j 1XU.L11CXJ.X liUJiiuiug UAU - / ,o uinyurogudiiOSlIlc 

triphosphatase)" 


MJDT2 


"APAH1; Ap4A hydrolase 1 (diadenosine 5',5 ,M,, -Pl,P4-tetraphosphate 
pyrophosphohydrolase)" 


NY-CO-9 


HDAC5; histone deacetylase 5; KJAA0600 


OAS1 


"OIAS; 2 1 ,5 , -oligoadenylate synthetase; Hs. 82396; IFI-4" 


OAS 2 


2'-5'oligoadenylate synthetase 2 


OA S3 


2'-5'oligoadenylate synthetase 3 


OASL 


TRIP 14; 2 , -5 T oligo adenylate synthetase- like 


OAT 


Hs.75485; ornithine aminotransferase (gyrate atrophy) 


OATL1 


ornithine aminotransferase -like 1 


OATL2 


ornithine aminotransferase-like 2 


OATL3 


ornithine aminotransferase-like 3 


OAZ1 


OAZ; ornithine decarboxylase antizyme 


OAZ2 


ornithine decarboxylase antizyme 2 


OC90 


PLA2L; otoconin 90; phospholipase A2-like 


ODC1 


Hs.75212; ornithine decarboxylase 1 


ODCP 


ODC2; ornithine decarboxylase pseudogene 
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OED 


Oregon eye disease 


OGDH 


Hs.75533; oxoglutarate dehydrogenase (lipoamide) 


OGG1 


8 -ox o guanine H»TA glycosylase 


OGT 


O-GLCNAC; O- linked 1ST- acetyl glucosamine (GlcNAc) transferase 
acetylglvicosamine:polypeptide-lSr-acetylglucosaminyl transferase) 


OTC 


Hs.1842; ornithine carbamoyl-transferase 


OVD1A 


2 -oxoiso valerate dehydrogenase (lipoamide) 


OXA1L 


oxidase (cytochrome c) assembly 1-like 


OXCT 


3-oxoacid Co A transferase; SCOT 


P-CIP1 


pep tidyl glycine alpha- amid ating monooxygenase COOH-terrninal interactor 
protein- 1 


PI 1 


PP1 1; placental protein 1 1 (serine proteinase) 


P4HA1 


"P4HA; Pis. 895 13; procollagen-proline, 2 -oxoglutarate 4-dioxygenase (proline 
4 -hydroxylase), alpha polypeptide; Hs. 76768" 


P4HA2 


"procollagen-proline, 2 -oxoglutarate 4-dioxygenase (proline 4-hydroxylase) s 
alpha polypeptide II" 


P4HB 


"EPvBA2L; procollagen-proline, 2 -oxoglutarate 4-dioxygenase (proline 4- 
hydroxylase), beta polypeptide (protein disulfide isomerase; thyroid hormone 
binding protein p55); Hs. 89698; P04DB; v-erb-a avian erythroblastic leukemia 
viral oncogene homolog 2-like; Hs. 75655" 


P4HBR 


"P4HBR-PEN; Procollagen-proline, 2-oxyglutarate 4-dioxy genase(prol ine 4- 
hydrolase), beta polypeptide (protein disulfide isomerase) -related" 


P5 


protein disulfide isomerase-related protein 


PACSIN2 


protein kinase C and casein kinase substrate in neurons 2 


PAFAH1B1 


"platelet- activating factor acetylhydrolase, isoform lb, alpha subunit (-45kE>); 
LIS1; PAP AH; lissencephaly 1" 


PAPAH1B2 


"platelet-activating factor acetylhydrolase, isoform lb, beta subunit (30kP>)" 


PAFAH1B3 


"platelet-activating factor acetylhydrolase, isoform lb, gamma subunit (29kD) M 


PAFAH2 


platelet-activating factor acetylhydrolase 2 (40kE>) 


PAH 


phenylalanine hydroxylase; Hs.1870 


PAICS 


"PAIS; phosphoribosylaminoimidazole carboxylase, 

phosphoribosylaminoribosylaminoimidazole succinocarboxamide synthetase" 


PAICSP1 


. "phosphoribosylaminoimidazole carboxylase, phosphoribosylaminoimidazole 
succinocarboxamide synthetase carboxylase pseudogene 1 " 


PAICSP2 


"phosphoribosylaminoimidazole carboxylase, phosphoribosylaminoimidazole 
succinocarboxamide synthetase pseudogene 2" 


PAIC1 


p21/Cdc42/Racl -activated kinase 1 (yeast Ste20 -related) 


PAK2 


p21 (CE>IOSriA)-activated kinase 2; hPAK65 


PAIC3 


"MIOC30; p21 (CDKN1 A) -activated kinase 3; mental retardation, X-linked 30; 
bPAK; hPAK3" 


PAIC4 


"protein kinase related to S. cerevisiae STE20, effector for Cdc42Hs" 


PAM 


Hs.83920; pep tidyl glycine alpha-amidating monooxygenase 


PAP 


poly(A) polymerase 


PAPSS1 


3'-phosphoadenosine 5'-phosphosulfate synthase 1; PAPSS; ATPSK1 




txts^, A1PMC2, 3 -prime -p ho spho adenosine 5-prime-phosphosulfate synthase 2 I 


PARG 


poly (AX>P-ribose) glyc ©hydrolase 


PARK2 


"Parkinson disease (autosomal recessive, juvenile) 2; PDJ; AR-JP; parkin" 
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PARIC3 


"Parkinson disease, dominant Lewy-body, 3" 


PARN 


poly(A)-specific ribonuclease (deadenylation nuclease) 


PC 


Hs.89890; pyruvate carboxylase; PCB 


PC4 


PC4-LSB; activated RNA polymerase II transcription cofactor; activated RTSTA 
polymerase II transcription cofactor 1; activated RNA polymerase II 
transcription cofactor 4; P15 


PCBD 


Hs.3192; PCD; DCOH; 6-pyruvoyl-tetrahydropterin synthase/dirnerization 
cofactor of hepatoc}^ nuclear factor 1 alpha (XCF1); pterin-4- alpha 
carbinol amine dehydratase 


PCCA 


"Hs.80741; propionyl Coenzyme A carboxylase, alpha polypeptide" 


PCCB 


"Hs-63788; propionyl Coenzyme A carboxylase, beta polypeptide" 


PCIC1 


Hs.1872; phosphoenolpyruvate carboxy kinase 1 (soluble) 


PCKL2 


PEPCKL; phosphoenolpyruvate carboxykinase 2 (mitochondrial) 


PCLD 


PLD1; polycystic liver disease; PLD 


PC Mil 


protein-L-isoaspartate (E>- asp art ate) O-methyltransferase 


PCOLC 


procollagen C-endopeptidase 


PCOLCE 


procollagen C-endopeptidase enhancer; Hs.91299 


PCOLN3 


procollagen (type ITT) TST-endopeptidase 


PC SKI 


Hs. 78977; PCI; 1STEC1; PC-1; proprotein convertase subtilisin/kexin type 1 


PCSIC2 


Hs.93164; PC2; NEC2; PC-2; proprotein convertase subtil isin/kexin type 2 


PCSK3 


proprotein convertase subtil isin/kex in type 3 


PCSIC4 


PC4; proprotein convertase subtilisin/kexin type 4 


PCSK5 


proprotein convertase subtilisin/kexin type 5 


PCSK7 


PC 8; PC7; LPC; SPC7; proprotein convertase subtilisin/kexin type 7; 
Lymphoma Proprotein Convertase 


PCTK1 


1 : PCTGAIRE; PCX AIRE protein kinase 1 


PCXIC2 


PCXATRJE protein kinase 2 


PCXIC3 


Hs.2994; 3; PCTAIRE; PCXAIRE protein kinase 3 


PCYT1A 


"PCYT1 ; phosphate eytidyly Transferase 1 , choline; CX; CXPCX" 


PCYT1B 


"CCT-BETA; phosphate cytidylyltransf erase 1, choline, beta isoform" 


FCYX2 


"phosphate cytidylyl transferase 2, ethanolamine; EX" 


PDB1 


PE>B; Paget disease of bone 1 


PDB2 


Paget disease of bone 2 


PDEIOA 


phosphodiesterase 10A 


PDE1A 


"phosphodiesterase 1A, calmodulin-dependent; Hs.41717; Human 3', 5' cyclic 
nucleotide phosphodiesterase (HSPDE1A3A)" 


PDE1B 


"PDES1B; phosphodiesterase IB, calmodulin-dependent" 


PDE1C 


"phosphodiesterase 1C, calmodulin-dependent (70kD); HCAM3; Hs.41718; 
Human 3', 5* cyclic nucleotide phosphodiesterase (HSPDE1C1A)" 


PDE2A 


"phosphodiesterase 2 A, cG]MP-stimulated; Hs.3831; Human cOTvTP- stimulated 
3 T ,5'-cyclic nucleotide phosphodiesterase PDE2A3 (PDE2A) mRNA, complete 
cds" 


PDE3A 


"phosphodiesterase 3 A, cGMP- inhibited; CGI-PDE" 


PDE3B 


"phosphodiesterase 3B, cGiN^-inhibited" 


PDE4A 


"Hs. 96083; DPDE2; phosphodiesterase 4A, cAMP-specific (dunce \ 
(Drosophila)-homolog phosphodiesterase E2) n 
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PDE4B 


"Hs.188; DPDE4; PDEIVB; phosphodiesterase 4B, c AMP- specific (dunce 
(I>rosophila)-homolog phosphodiesterase E4)" 


PDE4C 


"Hs.189; DPDE1; phosphodiesterase 4C, cAJVIF-specific (dunce (Drosophila)- 
homolog phosphodiesterase El)" 


PDE4D 


"DPJDE3; phosphodiesterase 4D 5 cAJVIP-specific (dunce (JDrosophila)-homolog 
phosphodiesterase E3) H 


PDE5A 


"phosphodiesterase 5 A, cGIvlP- specific" 


PDE6A 


"phosphodiesterase 6A, cGIVIP-specific., rod, alpha; PDEA" 


PDE6B 


"phosphodiesterase 6B, cGIvIP-specific, rod, beta (congenital stationary night 
blindness 3, autosomal dominant); Hs.2593; CSTSTB3; PDEB" 


PDE6C 


"phosphodiesterase 6C, cGlvIP- specific, cone, alpha prime" 


PDE6D 


"phosphodiesterase 6D, cGIVIP-specific, rod, delta" 


PDE6G 


"phosphodiesterase 6G, cGMP- specific, rod, gamma; Hs.lS57; PDEG" 


PDE6H 


"phosphodiesterase 6H, cGMP- specific, cone, gamma" 


PDE7A 


phosphodiesterase 7A; HCP1 


PDE8A 


phosphodiesterase 8A 


PDE8B 


phosphodiesterase 8B 


PDE9A 


phosphodiesterase 9 A 


PDHA1 


Hs. 1023; PDHA; pyruvate dehydrogenase (lipoamide) alpha 1 


PDHA2 


PDHAL; pyruvate dehydrogenase (lipoamide) alpha 2 


PDHB 


Hs.979; pyruvate dehydrogenase (lipoamide) beta 


PD1 


PDI-PEN; protein disulfide isom erase (pan ere as) 


PDI2 


"KIAA0994; peptidyl arginine deiminase, type II" 


PDIR 


for protein disulfide isomerase-related 


PDK1 


"pyruvate dehydrogenase kinase, isoenzyme 1; Us. 8 1233" 


PDK2 


"pyruvate dehydrogenase kinase, isoenzyme 2" 


PDIC3 


"pyruvate dehydrogenase kinase, isoenzyme 3" 


PDK4 


"pyruvate dehydrogenase kinase, isoenzyme 4; Hs. 57695" 




IsTPPS; 1VI6S1; PC-1; phosphodiesterase I/nucleo tide pyrophosphatase 1 
(homologous to mouse Ly-4 1 antigen) 


PDNP2 


ATX; phosphodiesterase I/nucleotide pyrophosphatase 2 (autotaxin); autotaxin; 
PD-IAJJPIIA 


PDNP3 


phosphodiesterase I/nucleotide pyrophosphatase 3; PD-IBETA 


PDPICl 


PDK1; PkB kinase 


PDX1 


"pyi-uvate dehydrogenase complex, component X; protein X" 


PDXK 


"pyridoxal (pyridoxine, vitamin B6) kinase; PKH; PNK" 


PECI 


"peroxisomal D3,D2-enoyl-CoA isomerase" 


PE1VIT 


phosphatidylethanol amine N-methyltransf erase; PEMT2; PEMPT 


PEN1 IB 


putative serine/threonine protein kinase 


PEPA 


peptidase A 


PEPB 


peptidase B 


PEPC 


peptidase C 


PEPE> 


Hs. 73947; peptidase!) 


PEPE 


peptidase E 


PEPS 


peptidase S 
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PFAS 


phosphoribosylforrnylglycinainidine syntlia.sc (F(t A.R amidotransferase); A. 
putative Human homolog of 

PHOSPHORIBOSYLFORMYLGLYCINAMIDINE SYNTHASE; PURL; 
KIAA0361; FGARAT 


PFKFB 1 


"Hs.739; PFRX; 6-phosphofructo-2-lcinase/fructose-2,6-biphosphatase 1" 


PFKFB2 


" 6-phosphofructo-2-kinase/fructose-2 s 6-biphosplT;atase 2" 


PFKFB 3 


M 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3" 


PFKFB 4 


"6-phosphofructo-2-kinase/fructose-2 :) 6-biphosphatase 4" 


PFKL 


"phosphofructokinase, liver; Hs. 100005" 


PFKM 


"Hs.75160; phospho fiuctokinase, muscle" 


PFKP 


"Hs.99910; phosphofructokinase, platelet; Hs. 75363" 


PFKX 


"phosphofructokinase, polypeptide X" 


PFTK1 


PFTAIRE protein kinase 1 


PGATVI 1 


Hs. 74575; PGAJvIA; phosphoglycerate mutase 1 (brain) 


PGAM2 


Hs.46039; pbosphogly cerate mutase 2 (muscle) 


PGCP 


plasma glut am ate carboxypeptidase 


PGD 


Hs.75888; pbosphogluconate dehydrogenase 


PGDL1 


phospho gluconate dehydrogenase-like 1 


PGGT1B 


"protein geranylgeranyltransferase type I, beta sub unit; GGTI; BGGJ" 


PGK1 


Hs. 7 8 77 1; phosphogly cerate kinase 1 


PGK1P1 


"phosphogly cerate kinase 1, pseudogene 1" 


PGK1P2 


"phosphogly cerate kinase 1 , pseudogene 2" 


PGK2 


phosphoglycerate lcinase 2 


PGM1 


phospho glucomutase 1; Hs.1869 


PGM2 


phosphoglucomutase 2 


PGM3 


phosphoglucomutase 3 


PGJ\45 


phosphoglucomutase 5 


PGP 


phosphoglycolate phosphatase 


PGS1 


Pho sphatidylgly ceropho sphate Synthase 


PHEX 


"HYP; phosphate regulating gene with homologies to endopeptidases on the X 
chromosome (hypophosphatemia, vitamin E> resistant rickets); PEX; HPDR" 


PHGDH 


phosphoglycerate dehydrogenase; PGAD; 3 -phosphoglycerate dehydrogenase; 
PDG; PGDH; SERA 


PHKA1 


"phosphorylase lcinase, alpha 1 (muscle); Hs.2393; PHKA; phosphorylase 
lcinase, alpha 1 (muscle), muscle glycogenosis" 


PHKA2 


"PHK; phosphorylase lcinase, alpha 2 (liver); phosphorylase lcinase deficiency, 
liver (glycogen storage disease type VIII); PYK; XLG; XLG2; PYKL; 
phosphorylase kinase, alpha 2 (liver), glycogen storage disease IX" 


PHKB 


"phosphorylase lcinase, beta" 


PHKBP1 


"phosphorylase kinase, beta pseudogene 1" 


PHKBP2 


"phosphorylase lcinase, beta pseudogene 2" 


PHKG 1 


"PHKG; phosphorylase kinase, gamma 1 (muscle)" 


PHKG2 


"Hs. 87452; phosphorylase lcinase, gamma 2 (testis)" 


PHKGL 


"phosphorylase lcinase, gamma-like" 


PHYH 


phytanoyl-CoA hydroxylase (Refsum disease); PAHX; Refsum disease 
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PI 


"Hs, 1 02 1 2 8 ; PI 1 ; protease inhibitor 1 (anti-elastase), alpha- 1 -antitrypsin; 
Hs. 75621; Hs.99978; Hs. 100021" 


PIIO 


"protease inhibitor 10 (ovalbumin type, bomapin) 11 


PI12 


protease inhibitor 12 (n euros erpin) 


PI13 


protease inhibitor 1 3 


PI14 


protease inhibitor 14 (pancpin) 


PI3 


"Hs.37072; ESI; SKALP; ELAPIN; protease inhibitor 3, skin- derived 
(SKALP)" 


PI4 


protease inhibitor 4 (kallistatin) 


PI5 


protease inhibitor 5 (maspin); Hs-55279 


PI6 


PTI; CAP; protease inhibitor 6 (placental thrombin inhibitor) 


PI7 


P!NT; protease inhibitor 7 (protease nexin I) 


PI 8 


protease inhibitor 8 (ovalbumin type); CAP-2 


PI8L1 


protease inhibitor 8 (ovalbumin type)-like 1 


PI8L2 


protease inhibitor 8 (ovalbumin type)-like 2 


PI9 


CAP-3; protease inhibitor 9 (ovalbumin type) 


pick: i 


"Protein that Interacts with C Kinase, 1 " 


PI03 


quinone oxidoreductase homolog 


PIG6 


proline oxidase homolog 


PIK3C2A 


"phosphatidyl inositol 3 -kinase, class 2, alpha polypeptide" 


PIK3C2B 


"phosphatidylinositol 3-kinase, class 2, beta polypeptide; C2-PI3KL; PI3KL- 
C2beta" 


PEEC3C2G 


"phosphatidylinositol 3-kinase, class 2, gamma polypeptide" 


PIK3C3 


"phosphatidylinositol 3-kinase, class 3; Vps34" 


PHC3 CA 


"phosphatidylinositol 3-kinase, catalytic, alpha polypeptide" 


POC3CB 


"phosphatidylinositol 3-kinase, catalytic, beta polypeptide; PIK3C1" 


PIK3CD 


"phosphatidylinositol 3-kinase, catalytic, delta polypeptide; pllOd" 


PTK3CG 


"phosphatidylinositol 3-kinase, catalytic, gamma polypeptide; Hs. 32942" 


PIK3R1 


"phosphatidylinositol 3 -kinase, regulatory subunit, polypeptide 1 (p85 alpha); 
GRB1" 


PIIC3R2 


"P85B; phosphatidylinositol 3-kinase, regulatory subunit, polypeptide 2 (p85 
beta)" 


PIKL3K.3 


"phosphoino si tide- 3 -kinase, regulatory subunit, polypeptide 3 (p55, gamma)* 1 


PIK4CA 


"phosphatidylinositol 4-kinase, catalytic, alpha polypeptide; PI4IC- ALPHA" 


PIKL4CB 


"phosphatidylinositol 4-lonase, catalytic, beta polypeptide; PI4Kbeta M 


PIL 


protease inhibitor 1 (alpha- 1 -anti trypsin)-lilce 


pust 


associated protein inhibitor of neuronal nitric oxide synthase 


PI2ST1 


"peptidyl-prolyl cis/trans isomerase, r^mviA-mteracting; dod" 


PI2ST1L 


"peptidyl-prolyl cis/trans isomerase, NIlVLA-interacting-like ,, 


PIN1L2 


protein (peptidyl-prolyl cis/trans isomerase) ISTIlvlA-interacting 1-like 2 


PIN4 


"protein (peptidyl-prolyl cis/trans isomerase) NIMA-interacting, 4 (parvulin)" 


PIP5K1A 


"phosphatidylinositol-4-phosphate 5 -kinase, type I, alpha" 


PIP5K11B 


"phosphatidylinositol-4-phosphate 5-kinase, type I, beta; 1VISS4 protein 
(Saccharomyces cerevisiae) homolog; ST1V17-I^S3B; STHML7; JVESS4*' 


PIP5K.1C 


"phosphatidylinositol -4-phosphate 5-kinase s type I, gamma; KIAA0589" 


PIP5K2A 


"phosphatidylinositol-4-phosphate 5-kinase, type II, alpha" 
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PIP5IC2B 


" phosphatidyls ositol-4-phosphate 5 -kinase, type II, beta; PEP5KIIB U 


PIS 


phosphatidylinositol synthase 


PK428 


ser-Thr protein kinase related to the myotonic dystrophy protein kinase 


PKDl 


Hs.75813; PBP; polycystic kidney disease 1 (autosomal dominant) 


PKD2 


polycystic kidney disease 2 (autosomal dominant) -Note: redefinition of 
symbol; Hs . 8200 1 ; PKD4 


PKD2L1 


PICD2L; PKDL; polycystic kidney disease 2-like 1; polycystin-like 


PKJD3 


polycystic kidney disease 3 (autosomal dominant); APKD3 


PKDREJ 


"polycystic kidney disease (polycystin) and REJ (sperm receptor for egg jelly, 
sea urchin homolog)-like" 


PKDTS 


"polycystic kidney disease, infantile severe, with tuberous sclerosis" 


PKHD1 


AKPKD; polycystic kidney and hepatic disease 1 (autosomal recessive) 


PKIA 


"PR1CACN1 ; protein kinase, cAMP-dependent, catalytic, inhibitor 1" 


PKIB 


"PRKACN2; protein kinase, cAJVlP-dependent, catalytic, inhibitor 2" 


PKIG 


"protein kinase (cAJVLP-dependent, catalytic) inhibitor gamma" 


PICLR. 


"Hs. 95 990; pyruvate kinase, liver and RJBC" 


PKA42 


"pyruvate kinase, muscle; Hs.990; OIP3" 


PKMYT1 


1VIYT1 ; membrane-associated tyrosine- and threonine-specific cdc2-inhibitory 
kinase 


PLA2G10 


"phospholipase A2, group X; GXPLA2" 


PLA2G1B 


"PLA2; PPLA2; PLA2A; phospholipase A2, group IB (pancreas)" 


PLA2G2A 


"phospholipase A2, group IIA. (platelets, synovial fluid); Hs. 76422; PLA2L; 
PLA2B" 


PLA2G2C 


"phospholipase A2, group IIC (possible pseudogcne)" 


PLA2G2D 


"phospholipase A2, group HE); secretory phospholipase A2s; sPLA2S" 


PLA2G4A 


"PLA2G4; phospholipase A2, group IVA (cytosolic, calcium-dependent); 
Hs.3278; phospholipase A2, group IV" 


PLA2G4B 


"CPLA2-BETA; phospholipase A2, group IVB (cytosolic)" 


PLA2G4C 


"CPLA2-GA3VI1VIA; phospholipase A2, group IVC (cytosolic, calcium- 
independent) " 


PLA2G5 


"phospholipase A.2, group V" 


PLA2G6 


*' phospholipase A?-, group VI; iPT.A.2" 


PLA2G7 


"phospholipase .A2, group "VII (platelet— activating factor acetylhydrolase 
plasma); PAFAH; LDL-PLA2; phospholipase A2, group VII (platelet- activating 
factor acetylhydrolase, plasma)" 


PLA2R1 


"PLA2R; phospholipase A2 receptor 1 , 1 80kE>" 


PLAA 


phospholipase A2-activating protein; PLAP; phospholipase A2 -activating 
protein 


PLAU 


"Hs. 77274; plasminogen activator, urokinase" 


PLAUR 


"Hs. 89857; plasminogen activator, urokinase receptor; Hs.83170" 


PLCB2 


"Hs.994; phospholipase C, beta 2" 


PLCB3 


"phospholipase C, beta 3 (phosphatidylinositol- specific)" 


PLCB4 


"Hs.74014; phospholipase C, beta 4" 


PLCD1 


"phospholipase C, delta 1 " 


PLCD3 


"phospholipase C, delta 3" 


PLCE 


"phospholipase C, epsilon; PLC-L" 
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PLCG 1 


"Hs.993; PLC1; phospholipase C, gamma 1 (formerly subtype 148)" 


PLCG2 


"phospholipase C, gamma 2 (phosphatidylmositol- specific); Hs.75648" 


PLD1 


"phospholipase Dl, phosphatidyl choline- specific" 


PLD2 


phospholipase D2 


PLK 


polo (E)ro sophia) -like kinase 


PLOD 


"procollagen-lysine, 2-oxoglutarate 5-dioxygenase (lysine hydroxylase, Ehlers- 
Danlos syndrome type VI); Hs.75093; LLH; LH M 


PLOD2 


"procollagen-lysine, 2-oxoglutarate 5-dioxygenase (lysine hydroxylase) 2" 


PLOD3 


"procollagen-lysine, 2-oxoglutarate 5-dioxygenase (lysine hydroxylase) 3; LH3" 


PLP1 


"PLP; proteolipid protein (Pelizaeus-IVlerzbacher disease, spastic paraplegia 2, 
uncomplicated); Hs.1787; SPG2" 


PLSCR1 


phospholipid scramblase 1 


pjvnvti 


phosphomannomutase 1; Hs.75 835 


PTVTIV12 


CDG1; phosphomannomutase 2; COGS; carbohydrate -deficient glycoprotein 
syndrome 1 


PMM2P 1 


phosphomannomutase 2 pseudogene 1 ; PTv£M2psi 


PMPCB 


MPPB; MPP1 1; 1V1PPP52; peptidase (mitochondrial processing) beta 


PMS1 


PlvISLl; postmeiotic segregation increased (S. cerevisiae) 1 


P1VIS2 


PMSL2; postmeiotic segregation increased (S. cerevisiae) 2 


PMS2L1 


postmeiotic segregation increased 2-like 1; P1VIS3 


PMS2L10 


postmeiotic segregation increased 2-like 10; PIV1SR4 


P1VTS2L11 


postmeiotic segregation increased 2-like 1 1 ; P1VISR6 


PMS2L12 


postmeiotic segregation increased 2- like 12; PlvISLl 2 


PJVIS2L2 


postmeiotic segregation increased 2-like 2; PTvlS4 


PMS2L3 


postmeiotic segregation increased 2-like 3; P1VIS5 


PMS2L4 


postmeiotic segregation increased 2-like 4; P1VXS6 


P1VTS2L5 


postmeiotic segregation increased 2-like 5; PIVIS7 


PMS2L6 


postmeiotic segregation increased 2-like 6; P2VES8 


PMS2L7 


postmeiotic segregation increased 2-like 7; P1V1SR1 


P1VIS2L8 


postmeiotic segregation increased 2-like 8; PMSRJ2 


P1VIS2L9 


postmeiotic segregation increased 2-like 9; PJV1SR3 


PMS2LP1 


postmeiotic segregation increased 2-like pseudogene 1; PJV1SR5 


P1VIS2LP2 


postmeiotic segregation increased 2-like pseudogene 2; PMSR7 


PJV1V1C 


PMK; PMK-PEN; phosphomevalonate kinase 


PNICP 


polynucleotide kinase 3-prime-phosphatase 


PNLIP 


Hs. 99950; pancreatic lipase; Us. 11 08 


PNLIPRP 1 


PLRP 1 ; pancreatic lipase-related protein 1 


PNLIPRP2 


PLRP2 ; pancreatic lipase-related protein 2 


PNMT 


Hs.1892; PENT; phenylethanolamine N-methyltransferase 


PNnVITPl 


phenylethanol amine N-methyl transferase pseudogene 1 


PNPO 


PYRIDOXINE-5-PRIME-PHOSPPIA^rE OXIDASE 


POLA 


"Hs.81942; polymerase (DNA directed), alpha" 


POLB 


"Ms. 1894; polymerase (DNA directed), beta" 


POLD1 


"Hs.653 83; POLD; polymerase (DNA directed), delta 1, catalytic subunit 
(125kD)" 


POLD2 


"polymerase (DNA directed), delta 2, regulatory subunit (50kD) M 
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Description of Enzyme 


POLE 


"polymerase (DNA directed), epsilon" 


POLE2 


"polymerase (DNA directed), epsilon 2; DPE2" 


POLG 


"Hs.80961; polymerase (DNA directed), gamma" 


POLG2 


"polymerase (DNA directed), gamma 2, accessory subunit; HP55; POLB; 
MTPOLB; polymerase (DNA directed), gamma 2, accessory subunit" 


POLH 


"polymerase (DNA directed), eta; XP-V; RAD30A" 


POL1 


PvAD30B; polymerase (DNA directed) iota; RAD30 (S. cerevisiae) homolog B 


POLQ 


"polymerase (DNTA-directed), theta" 


POLR2A 


polymerase (RNA) H (DNA directed) polypeptide A (220kD); Hs.60366; 
POLR2; POLRA 


POLR2B 


polymerase (RNA) II (DNA directed) polypeptide B (140kD) 


POLR2C 


Hs. 79402; polymerase (RNA) II (DNA directed) polypeptide C (33kD) 


POLR2D 


polymerase (RNA) II (DNA directed) polypeptide D 


POLR2E 


polymerase (RNA) II (DNA directed) polypeptide E (25kD) 


POLR2F 


polymerase (RNA) II (DNA directed) polypeptide F 


POLR2G 


polymerase (RNA) II (DNA directed) polypeptide G; RPB7 


POLR2H 


polymerase (RNA) II (DNA directed) polypeptide H 


POLR2I 


polymerase (RNA) II (DNA directed) polypeptide I (14.5RD) 


POLR2J 


polymerase (RNA) II (DNA directed) polypeptide J (13. 3RD) 


POLR2K 


polymerase (RNA) 11 (DNA directed) polypeptide K (7-OkD) 


POLR2L 


polymerase (RNA) II (DNA directed) polypeptide L (7.6kD) 


POLRTvlT 


polymerase (RNA) mitochondrial (DNA directed); h-mtRPOL 


P03V1T1 


pro tein-O-ii^aniiosy] transferase 1 


PON1 


paraoxonase 1 ; PON 


PON2 


paraoxonase 2 


PON3 


paraoxonase 3 


POR 


P450 (cytochrome) oxidoreductase 


PP 


pyrophosphatase (inorganic) 


PP2C-DELTA 


"protein phosphatase 2c, delta isozyme" 


PPAP2A 


PAP-2A; phosphatidic acid phosphatase type 2a 


PPAP2B 


PAP-2B; phosphatidic acid phosphatase type 2b 


PPAP2C 


PAP-2C; phosphatidic acid phosphatase type 2c 


PPAT 


Hs.31 1; GPAT; phosprioribosyl pyrophosphate ami do transferase 


PPATP1 


phosphoribosyl pyrophosphate amido transferase pseudogene 1 


PPEF1 


"PPEF; protein phosphatase, EF hand calcium-binding domain 1; PPEF-1" 


PPEF2 


"protein phosphatase, EF hand calcium -binding domain 2; PPEF-2" 


PPFIA1 


"protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF), interacting 
protein (liprin), alpha 1 " 


PPFIA2 


"protein tyrosine phosphatase, receptor type, f polypeptide (PTPRJF), interacting 
protein (liprin), alpha 2" 


PPFIA3 


proicin Lyrv^&iiic pxiu opi id idfac , ict/cpior type, 1 poiypcpnuc \.J- 1 tr xvjt m xei ac ting 
protein (liprin), alpha 3; KXAA0654" 


PPFIA4 


"protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF), interacting 
protein (liprin), alpha 4 n 


PPGB 


Hs.985; GSL; protective protein for beta-galactosidase (galactosialidosis) 


PPIA 


peptidylprolyl isomerase A (cyclophilin A) 
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PPIB 


Hs.699; CYPB; peptidylprolyl isomerase B (cyclophilin B) 


PPIC 


pep tidy lprolyl isomerase C (cyclophilin C); CYPC 


PPID 


hCyP40; CYP-40; peptidylprolyl isomerase E> (cyclophilin E>) 


PPIE 


CYP-33; peptidylprolyl isomerase E (cyclophilin E) 


PPIF 


peptidylprolyl isomerase F (cyclophilin F); CYP3; peptidylprolyl isomerase F 
(cyclophilin F) 


PPIL1 


peptidylprolyl isomerase (cyclophilin)-like 1 


PPIP1 


peptidylprolyl isomerase (cyclophilin) pseudogene 1 


PPIP10 


peptidylprolyl isomerase (cyclophilin) pseudogene 10; CRP; peptidylprolyl 
isomerase (cyclophilin) pseudogene 10 


PPIP2 


peptidylprolyl isomerase (cyclophilin) pseudogene 2 


PPIP3 


peptidylprolyl isomerase (cyclophilin) pseudogene 3 


PPIP4 


peptidylprolyl isomerase (cyclophilin) pseudogene 4 


PPIP5 


peptidylprolyl isomerase (cyclophilin) pseudogene 5 


PPIP6 


peptidylprolyl isomerase (cyclophilin) pseudogene 6 


PPIP7 


peptidylprolyl isomerase (cyclophilin) pseudogene 7 


PPIP8 


peptidylprolyl isomerase (cyclophilin) pseudogene 8 


PPIP9 


peptidylprolyl isomerase (cyclophilin) pseudogene 9 


PPM1A 


"protein phosphatase 1 A (formerly 2C) S magnesium-dependent, alpha isoform" 


PPM 1 B 


"protein phosphatase IB (formerly 2C), magnesium-dependent, beta isoform" 


PPM 1 ID 


"WIP1; protein phosphatase ID magnesium- dependent, delta isoform" 


PPM 1 Ct 


"protein phosphatase 1G (formerly 2C), magnesium-dependent, gamma 
isoform; PPP2CG; protein phosphatase 2, catalytic subunit, gamma isoform; 
PP2Cgamma" 


PPM2C 


"protein phosphatase 2C, magnesium-dependent, catalytic subunit" 


PPMT 


PCCMT; HSTE14; prenylcysteine carboxyl methly transferase 


PPOX 


PPO; protoporphyrinogen oxidase 


PPP1CA 


"KTs. 78092; PPP1A; protein phosphatase 1, catalytic suhunit, alpha isoform" 


PPP1CB 


"Hs.21537; protein phosphatase 1, catalytic subunit, beta isoform" 


PPP1CC 


"Us.790Sl; protein phosphatase 1, catalytic subunit, gamma isoform" 


PPPIRIO 


"protein phosphatase 1, regulatory subunit 10; FBI 9; PlsTUTS" 


PPP1R1A 


"protein phosphatase 1, regulatory (inhibitor) subunit 1A" 


PPP1R1B 


l1 DARPP-32; protein phosphatase 1, regulatory (inhibitor) subunit IB 
(dopamine and cAJVEP regulated phosphoprotein, DARl^P-32)" 


PPP1R2 


"protein phosphatase 1, regulatory (inhibitor) subunit 2" 


PPP1R2P 


"IPP-2P; protein phosphatase 1, regulatory (inhibitor) subunit 2 pseudogene" 


PPP1R3 


"protein phosphatase 1 , regulatory (inhibitor) subunit 3 (glycogen and 
sarcoplasmic reticulum binding subunit, skeletal muscle); Hs. 54496; PPP1R3A" 


PPP1R5 


"protein phosphatase 1, regulatory (inhibitor) subunit 5" 


PPP1R6 


"protein phosphatase 1, regulatory subunit 6 (NOTE: redefinition of symbol)" 


PPP1R7 


"protein phosphatase 1, regulatory subunit 7; sds22" 


PPP 1 R8 


"protein phosphatase 1, regulatory (inhibitor) subunit 8; ARD1; ard-1; KTPP-1" 


PPP1R8P 


"protein phosphatase 1, regulatory (inhibitor) subunit 8 pseudogene" 


PPP1R9 


"protein phosphatase 1 , regulatory subunit 9, spinophilin" 


PPP2CA 


"Hs.78852; protein phosphatase 2 (formerly 2 A), catalytic subunit, alpha 
isoform" 
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Description of" Enzyme 


PPP2CB 


"protein phosphatase 2 (formerly 2A), catalytic subunit, beta isoform" 


J. Jr Jl -Z. \ in± 


"protein phosphatase 2 (formerly 2 .A.), catalytic subunit, beta i s o form 
pseudogene" 


PPPOP 1 A 


"protein phosphatase 2 (formerly 2.A.), regulatory sub unit .A. (PP\. 65), alpha 
isoform" 


PPPOP 1 "D 


"protein phosphatase 2 (formerly 2A), regulatory sub unit .A*. (PR. 65), beta 
isoform; Hs-89608" 


Jr r ir jLss^L J\. 


M £Is. 75200; protein phosphatase 2 (formerly 2A), regulatory subunit B (PR. 52), 
alpha isoform" 


rrr/KZri 


"protein phosphatase 2 (formerly 2A), regulatory subunit B (PR 52), beta 
isoform" 




"protein phosphatase 2 (formerly 2A), regulatory subunit B (PR^ 52), gamma 
isoform" 


PPPO T> 'X 

ir ir ir ji.i<^r> 


lis. o ^ ? protein pnospnaiasc ^ioirneny regujaiory suoumx ±s "jrxs. /^.j, 
alpha isoform and (PR 130), beta isoform" 


PPP2R4 


"ICIAA0044; Hs. 78978; PTPA; protein phosphatase 2A, regulatory subunit B* 
(PR 53)" 


PPP2R5A 


"protein phosphatase 2, regulatory subunit B (B56), alpha isoform" 


PPP2R5B 


"protein phosphatase 2, regulatory subunit B (1=556), beta isoform" 


PPP2R5C 


"protein phosphatase 2, regulatory subunit B (B56), gamma isoform" 


PPP2R5D 


"protein phosphatase 2, regulatory subunit B (B56), delta isoform" 


PPP2R5E 


"protein phosphatase 2, regulatory subunit B (B56), epsilon isoform" 


rrrJLA 


n s - v 5 v^/vLiN, LJNAi, uujni j v_^^-vJL^iN j^v, r r r JLir> , protein pnospnatase o 
(formerly 2B), catalytic subunit, alpha isoform (calcineurin A alpha)" 


1 1 ± r> OJtS 


"protein phosphatase 3 (formerly 2B), catalytic subunit, beta isoform 
(calcineurin A beta); Hs.1335; CALNB" 


pppo r^r"^ 
ririrj V - ^ 


"protein phosphatase 3 (formerly 2B), catalytic subunit, gamma isoform 
(calcineurin A gamma)" 


pppo r> i 


"protein phosphatase 3 (formerly 2B), regulatory subunit B (191<lD), alpha 
isoform (calcineurin B, type I)" 


PPP3R2 


"protein phosphatase 3 (formerly 2B), regulatory subunit B (19kD), beta 
isoform (calcineurin B, type II)" 


PPP4C 


"PP4; Hs.2903; protein phosphatase 4 (formerly IX), catalytic subunit" 


PPP4R1 


"protein phosphatase 4, regulatory subunit 1; PP4R1" 


PPP5C 


"protein phosphatase 5, catalytic subunit; Hs.75180; PPP5" 


PPP6C 


"protein phosphatase 6, catalytic subunit" 


PPT 


"palmitoyl -protein thioesterase (ceroid- lipofuscinosis, neuronal 1, infantile* 
Haltia-Santavuori disease); CLISfl; INCL" 


PPT2 


palmitoyl-protein thioesterase 2 


PRCP 


prolyl carboxypeptidase (angiotensinase C); PCP; HUMPCP 


PRJEP 


prolyl endopeptidase; Hs. 86978; PEP 


PRIM1 


primase polypeptide 1 (491cD); Hs. 82741 


PRJ1VI1P1 


"primase polypeptide 1 , pseudogene 1 " 


PRXTVT2A 


Hs.74519; PRXML2; primase polypeptide 2A (58kE>) 


PRJQVL2B 


PRJCM2; primase polypeptide 2B (58kr>) 


PRICA1 


protein kinase Al 


PRICA2 


protein kinase A2 
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Description of Enzyme 


PRKAA1 


"protein kinase, AMP -activated, alpha 1 catalytic subunit; AMPK alpha 1 " 


PRKAA2 


"PPvJCAA; protein kinase, AMP-activated, alpha 2 catalytic subunit; protein 
kinase, AMP- activated; AMPK" 


PRKAB1 


"protein kinase, AJMP- activated, beta 1 non-catalytic snbunit; AMPK beta 1 " 


PRICAB2 


"protein kinase, AMP-activated, beta 2 non-catalytic snbunit; AMPK beta 2" 


PPJCACA 


"Hs.77271; protein kinase, cAMP-dependent, catalytic, alpha" 


PRKACB 


"Hs.1903; protein kinase, cAMP- dependent, catalytic, beta" 


PPJCACG 


"protein Icinase, cAMHP -dependent, catalytic, gamma*' 


PRXAG1 


"protein kinase, AMP-activated, gamma 1 non-catalytic sub unit: AMPK gamma 
1" 


PRKAG2 


"protein kinase, AMP- activated, gamma 2 non-catalytic snbunit; AMPK gamma 
2" 


PRKAR1A 


"Hs.62039; TSE1; PRKAItl; protein kinase, c AMP -dependent, regulatory, type 
I, alpha (tissue specific extinguisher 1); CNC1; Carney myxoma-endocrine 
complex, type 1" 


PRECAR1AP 


"protein kinase, cAMP- dependent, regulatory, type I, alpha pseudogene" 


PRKAR1B 


"Hs.1519; protein kinase, cAMP-dependent, regulatory, type I, beta" 


PRKAJRJ2A 


"PRKLAR2; protein kinase, cAMP- dependent, regulatory, type II, alpha" 


PRKLAIc2B 


"Hs.77439; PRKAJR2; protein kinase, c AMP -dependent, regulatory, type H, 
beta" 


PRKCA 


"protein kinase C, alpha; Hs. 60762; PKCA" 


PRKCB1 


"Hs.77767; PKCB; PRKCB; PRICCB2; protein Icinase C, beta 1" 


PRKCBP 1 


protein kinase C binding protein 1 ; RACK7 


PRKCBP2 


protein kinase C binding protein 2; RACK 17 


PRKCD 


"Hs.458; protein kinase C, delta" 


PRKCDBP 


"SRJBC; C-RAF-1; protein Icinase C, delta binding protein" 


PRKCE 


"protein Icinase C, epsilon" 


PRICCG 


"protein kinase C, gamma; Hs.2890; PKCG" 


PPJCCH 


"PRKCL; PKC-L; protein kinase C, eta" 


PRICCI 


"DXS1179E; Hs.1904; PKCI; protein Icinase C, iota" 


PRKCL1 


protein kinase C-like 1; DBK; PRK1; PKN; serine- threonine kinase 1ST 


PRKCL2 


protein Icinase C-lilce 2; PRK2 


PRICCM 


"Hs.2891; PKCM; protein Icinase C, mu" 


PRICCN 


"protein Icinase C, nu; EPK2; serine -threonine protein Icinase; PKCnu" 


PKJCCQ 


"Hs.89615; protein Icinase C, theta" 


PRKCSH 


protein kinase C substrate 80K-H; Hs.1432; G19P1 


PRKCZ 


,1 Hs.78793; protein kinase C, zeta" 


PRKDC 


"HYRC1; protein kinase, DN A- activated, catalytic polypeptide; XRCC7; hyper- 
radiosensitivity of murine scid mutation, complementing 1 ; DNAPK" 


PRICG1 


"PRKG1B; PRKGR1B; protein Icinase, cGMP -dependent, type I; PGK; cGKI; 
protein Icinase, cGMP-dependent, regulatoi-y, type I, beta" 


PRICG2 


"Protein kinase, cGMP-dependent, type IT; cGKJI; PRKGR2" 


PFJCR 


"Hs.73821; PKR; protein kinase, interferon- inducible double stranded R3MA 
dependent" 


PRKRA 


"protein Icinase, interferon-inducible double stranded RJNTA dependent activator; 
RAX; PACT" 
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PRIORI 


"protein-kinase, interferon- inducible double stranded RISTA dependent inhibitor; 
P58" 


PRICRIR 


"protein-kinase, interferon- inducible double stranded RNA dependent inhibitor, 
repressor of (P58 repressor)" 


PRIOC 


"protein kinase, X-linked; PIOC1" 


PRKXP1 


"protein kinase, X-linked, pseudogene 1" 


PRKXP2 


"protein kinase, ]X-1 inked, pseudogene 2" 


PRKY 


"protein kinase, Y-linked" 


PRJVIT3 


protein arginine N -methyl transferase 3 (hnRlNP methyltransf erase S. cerevisiae)- 
like 3 ' 


PRJsrp 


"Hs. 74621; CJTD; PRTP; prion protein (p27-30) (Creutzfeld- Jakob disease, 
Gers tman n- S trau s 1 er - S chein ker syndrome, fatal familial insomnia)" 


PRO DHL 


proline dehydrogenase (proline oxidase) 


PROSC 


proline synthetase co-transcribed (bacterial homolog) 


PRJP4 


PR4H; serine/threonine-protein kinase PRP4 homolog 


PRPS1 


Hs.74093; phosphoribosyl pyrophosphate synthetase 1; PRS I; Hs.56 


PR PS 1L1 


PRPSL; phosphoribosyl pyrophosphate synthetase 1-like 1 


PRPS1L2 


phosphoribosyl pyrophosphate synthetase 1 -like 2 


PRPS2 


Pis. 29 10; phosphoribosyl pyrophosphate synthetase 2; PRS II 


PR PS API 


PAP39; phosphoribosyl pyrophosphate synthetase-associated protein 1 


PRPSAP2 


phosphoribosyl pyrophosphate synthetase-associated protein 2; PAP41 


PRSC1 


"protease, cysteine, 1 (legumain); leguxnain" 


PRSlvil 


"protease, metallo, 1, 33kE>; KIAA0047; Hs.57302" 


PRSVT2 


"protease, metallo, 2" 


PRSS# 


thymus specific serine peptidase 


PRSS1 


"Hs.73981; TRY1; cationic trypsinogen; hereditary pancreatitis; protease, 
serine, 1 (trypsin 1); UPC; PCTT" 


PRSS 1 1 


"protease, serine, 1 1 (IGF binding)" 


PRSS12 


"BSSP-3; protease, serine, 12 (neurotrypsin, motopsin)*' 


PRSS15 


"LOISTP; HLON; LONHS; PRS S 1 5 - PEISTDINTG ; protease, serine, 15" 


PRSS 17 


"PSTS; KXJEC4; EMSP1; protease, serine, 17 (enamel matrix, prostate)" 


PRSS 19 


"HNP; protease, serine, 19 (neuropsin/ovasin)" 


PRSS 2 


"Hs. 105977; TRY2; protease, serine, 2 (trypsin 2)" 


PRSS21 


"protease, serine, 21 (testisin); TEST1; testisin; ESP-1; serine protease from 
eosinophils" 


PRSS 3 


"Hs.5 8247; XRY3; protease, serine, 3 (trypsin 3)" 


PRSS4 


M TRY4; protease, serine, 4 (trypsin A, brain)" 


PRSS 7 


"protease, serine, 7 (enterokinase); Hs.3113" 


PRSS8 


"protease, serine, 8 (prostasin)" 


PRSSL1 


"protease, serine-like, 1 ; IsTES 1 " 


PRTN3 


"Hs.928; PR-3; ACPA; C-ANCA; proteinase 3 (serine proteinase, neutrophil, 
Wegener granulomatosis auto antigen)" 


PSA 


puromy cm-sensitive aminopeptidase 


PSAP 


Hs. 78575; SAP1; GLBA; prosaposin (variant Gaucher disease and variant 
metachromatic leukodystrophy) 1 


PSEN1 


AD3; presenilin 1 (Alzheimer disease 3); Hs.46464; FAX); SI 82; PS1 
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PSE2SF2 


AD4; presenilin 2 (Alzheimer disease 4); A303L; Hs.25363; SIM2; PS2; 
Alzheimer's disease 3 -like 


PSKH1 


putative serine kinase HI (symbol provisional} 


PS1VCB8 


"proteasome (prosome, macropain) subunit, beta type, 8 (large multifunctional 
protease 7); D6S216; D6S216E; LMP7; RING10" 


PSMB9 


"proteasome (prosome, macropain) subunit, beta type, 9 (large multifunctional 
protease 2); L3VIP2; RING 12" 


PS3VLC1 


"proteasome (prosome, macropain) 26S subunit, ATPase, 1; S4; P56" 


PSMC2 


"proteasome (prosome, macropain) 26S subunit, ATPase, 2; S7; MSS1" 


psivrc3 


"proteasome (prosome, macropain) 26S subunit, ATPase, 3; TBP1" 


PSMC3P 


"proteasome (prosome, macropain) 26S subunit, ATPase, 3 pseudogene" 


PSMC4 


"proteasome (prosome, macropain) 26S subunit, ATPase, 4; S6; TBP7" 


PSIV1C5 


"proteasome (prosome, macropain) 26S subunit, ATPase, 5; S8; P45; TRXP1" 


PSMC6 


"proteasome (prosome, macropain) 26S subunit, ATPase, 6; p42 M 


PSMD1 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 1; SI; PI 12" 


PSJVEDIO 


"proteasome (prosome, macropain) 26S subunit, non- ATPase, 10" 


PSMD11 


"proteasome (prosome, macropain) 26 S subunit, non- ATPase, 11" 


PSMD12 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 12" 


PSMD13 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 13" 


PS1VTD2 


"S2; P97; TRAP 2; proteasome (prosome, macropain) 26 S subunit, non-ATPase, 
2" 


PSIVUD3 


"S3; P5 8; proteasome (prosome, macropain) 26S subunit, non-ATPase, 3" 


PSMD4 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 4; S5A" 


PSMD5 


"S5B; proteasome (prosome, macropain) 26S subunit, non-ATPase, 5" 


PSIVLD6 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 6; SIO" 


PSMD7 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 7 (2vlov34 
homolog); S12; P40; MOV34" 


PS2VGD8 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 8; S14" 


PS1VTD9 


"proteasome (prosome, macropain) 26S subunit, non-ATPase, 9" 


PSPH 


PSP; phosphoserine phosphatase 


PSPHL 


C09; phosphoserine phosphatase- like 


PSTPIP1 


proline- serine-threonine phosphatase interacting protein 1; CD2 cytoplasmic 
tail-binding protein; H-PEP; PSTPIP; CD2BP1; CD2BP1L; CD2BP1S 


PSTPIP2 


MAYP; proline- serine -threonine phosphatase interacting protein 2 


PTE1 


peroxisomal acyl-CoA thioesterase; hTE; hNAACTE; thioesterase H 


PTEN 


phosphatase and tensin homolog (mutated in multiple advanced cancers 1); 
MMAC1 


PTENP1 


"phosphatase and tensin homolog (mutated in multiple advanced cancers 1), 
pseudogene 1 ; PTH2; PTE3ST2; psiPTEN; PTEN-rs" 


PTER 


RPR- 1 ; phosphotriesterase-related 


PTGDS 


"prostaglandin X>2 synthase (2 lkD, brain)" 


PTGIS 


prostaglandin 12 (prostacyclin) synthase; PGIS; CVP8; CYP8A1 


PTGS1 


Hs.88474; prostaglandin-endoperoxide synthase 1 (prostaglandin G/H synthase 
and cyclooxygenase) 


PTGS2 


Hs.89581; COX-2; prostaglandin-endoper oxide synthase 2 (prostaglandin G/H 
synthase and cyclooxygenase); COX2; Hs.S9495 


PTK2 


FAIC; PTK2 protein tyrosine kinase 
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PTK2B 


protein tyrosine kinase 2 beta; PTIC; FAJEC2; CAJCJ3; PYK2; PvAFTK 


PTK3B 


PTK3B protein tyrosine kinase 3B 


PTK4 


PTK4 protein tyrosine kinase 


PTK5 


PTKL5 protein tyrosine kinase 


PTK6 


PTK6 protein tyrosine kinase 6; BRKL; breast tumor kinase (non-receptor protein 
tyrosine kinase expressed in breast) 


PTK7 


Hs.9374; PTIC7 protein tyrosine kinase 


PTKS 


PTKL8 protein tyrosine kinase 


PTKL9 


protein tyrosine kinase 9; A_6 


PTK9L 


A6RP; protein tyrosine kinase 9-like (A6-related protein) 


PTP-J 


PCP-2; PTP-PI; protein tyrosine phosphatase J 


PTP4A1 


"protein tyrosine phosphatase type IV A , member 1; PRL-1; PTPCAAX1" 


PTP4A2 


"PTP4A; protein tyrosine phosphatase type IV A, member 2; OV-1; PRL-2; HXJ- 
PP-1; PTFCAA2C2; ptp-IVla" 


PTP4A3 


"PRL-3; protein tyrosine phosphatase type rVA, member 3" 


PTP4AP1 


protein tyrosine phosphatase IVA pseudogene 1 


PTP4AP2 


protein tyrosine phosphatase type IVA pseudogene 2 


PTPCtMC 1 


"protein— tyrosine phosphatase, receptor— type, expressed t>y glomerular 
mesangial cells" 


PTPLA 


"protein tyrosine phosphatase— like (proline instead of* catalytic arginine) 
member a" 


PTPLB 


"protein tyrosine phosphatase— like (proline instead of catalytic arginine) 
member b" 


PTPLC 


"protein tyrosine phosphatase-like (proline instead of catalytic arginine), 
member c" 


PTPN1 


"Hs.81444; P TP IB; PTP-1B; protein tyrosine phosphatase, non-receptor type 1" 


PTPNl 1 


"Hs.22868; BPXP3; SH-PTP2; protein tyrosine phosphatase, non-receptor type 
11" 


PTPN12 


"protein tyrosine phosphatase, non-receptor type 12; Ms. 62; PTPG1; PTP- 
PEST" 


PTP3ST13 


"protein tyrosine phosphatase, nonreceptor type 13" PTP1!E* PTP— 33.A-S" protein 
tyrosine phosphatase, non-receptor type 13 (APO-1/CD95 (Fas) -associated 
phosphatase); PTPL1" 


PTPN14 


"PEZ; protein tyrosine phosphatase, non-receptor type 1*4" 


PTPNl 7 


"protein tyrosine phosphatase, non-receptor type 17" 


PTPN2 


"Hs. 82829; PTPT; TCELLPTP; protein tyrosine phosphatase, non-receptor type 
2" 


PTPN21 


"PTPD1; PTPRJL10; protein tyrosine phosphatase, non-receptor type 21" 


PTPN2P 1 


"PTPTP1 ; PTPN2P; protein tyrosine phosphatase, non-receptor type 2 
(pseudogene 1)" 


PTPN2P2 


"protein tyrosine phosphatase, non-receptor type 2 (pseudogene 2)" 


PTPN3 


"Hs.644; PTPH1; protein tyrosine phosphatase, non-receptor type 3" 


PTPN4 


"PTPMEG; protein tyrosine phosphatase, non-receptor type 4 (megakaryocyte)" 


PTPN5 


"STEP; PTP STEP; protein tyrosine phosphatase, non-receptor type 5 (striatum- 
enriched)" 


PTPN6 


"Hs.63489; HCP; HCPH; PTP-1C; protein tyrosine phosphatase, non-receptor 
type 6" 
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PTPN7 


"Hs.73922; HEPTP; LC-PTP; protein tyrosine phosphatase, non-receptor type 7; 
Hs.35" 


PTPN8 


"protein tyrosine phosphatase, non-receptor type 8" 


PTPN9 


"Hs.78598; 1VTEG2; protein tyrosine phosphatase, non-receptor type 9" 


PTP1STS1 


"SIRP; SHPS1; MYD-1; SIRP-ALPHA-1; protein tyrosine phosphatase, non- 
receptor type substrate 1 " 


PTPRA 


"Hs.26045; LRP; PTPA; HLPR; HP TP A; RPTPA; PTPRL2; protein tyrosine 
phosphatase, receptor type, alpha polypeptide" 


PTFR13 


"Hs.10623; PTPB; HPTPB; protein tyrosine phosphatase, receptor type, beta 
polypeptide" 


PTPRC 


"Hs.62399; LCA; C045; T200; GP180; protein tyrosine phosphatase, receptor 
type, c polypeptide" 


PTPRCAP 


"protein tyrosine phosphatase, receptor type, c polypeptide-associated protein; 
LPAP; lymphocyte phosphatase-associated phosphoprotein" 


PTPRD 


"Hs. 15320; HPTPD; protein tyrosine phosphatase, receptor type, delta 
polypeptide" 


PTPRE 


"HPTPE; protein tyrosine phosphatase, receptor type, epsilon polypeptide" 


PTPRJF 


n Hs.75216; LAR; protein tyrosine phosphatase, receptor type, f polypeptide" 


PTPRG 


"133 SI 249; Hs. 89627; PTPG; HPTPG; RP'TTG, protein tyrosine phosphatase, 
receptor type, gamma polypeptide" 


PTPRH 


"Hs.328; SAJP-1; protein tyrosine phosphatase, receptor type, H" 


PTPRJ 


"protein tyrosine phosphatase, receptor type, J; DEP 1 ; HPTPeta" 


PTPRK 


"protein tyrosine phosphatase, receptor type, IC; R-PTP-lcappa" 


PTPRM 


"Hs.7619; RPTPU; PTPRL1; protein tyrosine phosphatase, receptor type, mu 
polypeptide" 


PTPRN 


"IA.-2; protein tyrosine phosphatase, receptor type, 1ST" 


PTPRN2 


"protein tyrosine phosphatase, receptor type, 1ST polypeptide 2; ICIAA.0387; A 
tyrosine phosphatase, phogrin/ICAAR (cf. Y08569/JC5062); IAR; ICAAR; 
PTPRP; phogrin; IA-2beta" 


PTPRO 


"protein tyrosine phosphatase, receptor type, O; PTPXJ2; GLEPP1; PTP-U2" 


PTPRQ 


"protein tyrosine phosphatase, receptor type, Q (NOTE: redefinition of symbol)" 


PTPRR 


"PTPRQ; protein tyrosine phosphatase, receptor type, R; protein tyrosine 
phosphatase, receptor type, Q; PTPBR7; PCPTP1; PTP-SL" 


PTPRS 


"protein tyrosine phosphatase, receptor type, sigraa' 1 


PTPRZ1 


"PTPRZ; protein tyrosine phosphatase, receptor- type, zeta polypeptide 1 ; 
Hs. 78867; PTPZ; HPTPZ; PTP18; RPTPB" 


PTPRZ2 


"protein tyrosine phosphatase, receptor-type, zeta polypeptide 2" 


PTRF 


polymerase I and transcript release factor 


PTS 


Hs.366; 6-pyruvoyltetrahydropterin synthase 


PTSP1 


PTSP1-PEKT; 6-pyruvoyltetrahydropterin synthase pseudogene 


PYCR1 


Hs.79217; P5C; PYCR; pyrroline-5-carboxylate reductase 1 


PYCS 


pyrrol ine- 5 -carboxylate synthetase (glutamate gamma- semialdehyde 
synthetase); Hs.13048; P5CS; GSAS 


PYGB 


"Hs.75658; phosphorylase, glycogen; brain" 


PYGBL 


"phosphorylase, glycogen; brain-like" 


PYGL 


"phosphorylase, glycogen; liver (Hers disease, glycogen storage disease type 
VT); Hs.771" 
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PYGM 


"phosphorylase, glycogen; muscle (MeArdle syndrome, glycogen storage 
disease type V) n 


PheHB 


phenylalanyl-tRJSTA synthetase beta- subunit 


QARS 


glutaminc-tRNA synthetase 


QDPR 


quinoid dihydropteridine reductase; Hs.7543S; DHPR 


QPRT 


quinolinate phosphoribosyltransferase 


RAB18 


RAB 18 small GTPase 


RABGGTA 


"Rab geranylgeranyl transferase, alpha subunit" 


RABGGTB 


"Rab geranylgeranyl transferase, beta subunit" 


RACGAP1 


MGCRACGAP; Rac GTPase activating protein 1 


RAD53 


CHIC2; CDS1; HUCDS1; protein kinase Chk2; checkpoint kinase 2 


RALDH2 


retinaldehyde dehydrogenase 2 


RAJNTGAP1 


Ran GTPase activating protein 1; Fugl 


RAP1GA1 


"Hs.75151; ICRE\A-1; SMGP21; RAP1, GTPase activating protein 1" 


PyVRS 


arginyl-tPJSIA synthetase; Hs. 74-5 14 




PA 55 A- T-T<; 758- RA55 n?1 -nrotein activatOT CGTPase activating nrote in V GAP 


PA.S A3 


"GAPIH; RA.S p21 protein activator (GTPase activating protein) 3 
(Ins(l,3,4,5)P4-binding protein)" 


RCE1 


FACE-2; prenyl protein protease RCE1 


RDH5 


RDH1; retinol dehydrogenase 5 (11-cis and 9-cis); Hs.33730 


RDHL] 


retinol dehydrogenase homolog; RDHL 


RDPA 


Refsum disease with increased pipecolicacidenria 




11 s . i j jo, xvecv^ protein- nice ^j_^in y-v neiicase v^i-iiice^ 


IS. rV L 


"ret pro to- oncogene (multiple endocrine neoplasia IVIE1SF2A, !MLfc£N"2B and 
medullary thyroid carcinoma I, Hirschsprung disease); Hs.(>253; PTC; MTClj 
MEN2A; HSCRl; MEN2B" 


RJEV3L 


"R.RVS (yeast homolog) -like, catalytic subunit of T~)2\T_A. polynierase zeta; PC*T J 71 TI 


RHOK 


Hs. 103501; GRK1; rhodopsin kinase 


RIPIC1 


receptor (TlSrFPvSP)— interacting serine— threonine kinase 1 ; RJOP; receptor 
(TNFRSF)- interacting serine- threonine kinase 1 


RXPIC2 


RICK; PJP2; CAROI AJC: receptor-interacting serine-threonine kinase 2 


RMD1 


rippling muscle disease 1 


R1V1RP 


PINT A component of mitochondrial RISFA processing end oribonucl ease 


R2NTAC 


PINT A cyclase homolog 


RJSTAJH 


RJSTA. helicase family 


RNAHP 


PINT A. helicase— related protein 


RNASE1 


"RNS1; ribonuclease, RJSTase A family, 1 (pancreatic); Hs. 78224" 




"RJNTS2; ribonuclease, RJSTase A family, 2 (liver, eosinophil- derived neurotoxin); 
EDN; Hs.728" 


RNASF3 


"R2STS3; ribonuclease, PJSTase A family, 3 (eosinophil cationic protein)' ECP" 
Hs,73839" 


PASTAS E4 


"ribonuclease, RINTase A family, 4" 


RNASE6 


"R>TS6; ribonuclease, RJSTase A family, k6" 


RNASE6PL 


ribonuclease 6 precursor 


l^NASEHl 


ribonuclease HI; RNH1 


PONFASEHI 


"ribonuclease HI, large subunit" 
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RNASEL 


"RNS4; ribonuclease L (2 , ,5 , -oligoisoadenylate synthetase- dependent); 
Hs.10716; ribonuclease 4" 


RNGTT 


RNA guanylyltransferase and S'-phosphatase; HCE; HCE1; hCAP 


RNH 


ribonuclease/angiogenin inhibitor; Hs.75108; RAI 


RNMT 


RNA. (guanine-7~) methyl transferase 


RNPEP 


arginyl aminopeptidase (aminopeptidase B) 


ROCK1 


"Rho-associated, coiled-coil containing protein kinase 1; pl60ROCKL" 


ROCK2 


"KIAA06 19; Rho -associated, coiled-coil containing protein kinase 2" 


RODH 


oxidative 3 alpha hydroxysteroid dehydrogenase; retinol dehydrogenase 


RODH-4 


microsomal NAD+-dependent retinol dehydrogenase 4 


ROIC1 


ATP - dep en den t RNA helicase 


RPA40 


RPA39; RNA polymerase I subunit 


RPC 


RNA S'-terminal phosphate cyclase 


RPC155 


polymerase (RNA) III (DNA directed) (155kD) 


RPC32 


polymerase (RNA) HI (DNA directed) (32kD) 


RPC39 


polymerase (RNA) III (DNA directed) (39kD) 


RPC62 


polymerase (RNA) III (DNA directed) (62kD) 


RPE 


ribiilose-5-phosphate-3-epimerase 


RPGR 


RP3; CRD; retinitis pigmentosa 3 (IK-linlced recessive); Retinitis pigmentosa 
GTPase regulator 


RPIA 


RPI; ribose 5 -phosphate isomerase A (ribose 5 -phosphate epimerase) 


RPL17L1 


"ribosomal protein LI 7 -like 1, Gl -phase expressed" 


RPL7AL1 


"ribosomal protein L7A-like 1, Gl -phase expressed" 


RPP14 


ribonuclease P (14kD) 


RPP30 


ribonuclease P (30kD) 


RPP38 


ribonuclease P (38kD) 


RPP40 


"ribonuclease P, 40kD subunit" 


RPS17L3 


"ribosomal protein S17-like 3, Gl -phase expressed" 


RPS3L1 


"ribosomal protein S3 -like 1, Gl -phase expressed" 


RPS6KA1 


"ribosomal protein S6 kinase, 90kD, polypeptide 1; RSK; HU-1; RSK1" 


RPS<5ICA2 


"ribosomal protein S6 kinase, 90kD, polypeptide 2; Hs.2079; RSK; HU-2; 
RSIC3 " 


RPS67CA3 


"ribosomal protein S6 kinase, 90kD, polypeptide 3; RSK; HXJ-2; RSIC2; HU-3" 


RPS6KA4 


"ribosomal protein S<5 kinase, 90kD, polypeptide 4; Iv£SIC2; RSIC-33; ribosomal 
protein S6 kinase, 90kD, polypeptide 4" 


RPS6KA5 


"ribosomal protein S6 kinase, 90kD, polypeptide 5; MSK1; RLPK; MSPK1; 
ribosomal protein S6 kinase, 90kD, polypeptide 5" 


RPS6KB1 


"ribosomal protein S6 kinase, 70kD, polypeptide 1 " 


RPS6KR2 


"ribosomal protein S6 kinase, 70kD, polypeptide 2" 


RPS6KJ33 


"ribosomal protein S6 kinase, 70kD, polypeptide 3" 


RRJVX1 


ribonucleotide reductase 1VL1 polypeptide 


RRM2 


Hs.753 19; ribonucleotide reductase 3VI2 polypeptide 


RRM2P1 


ribonucleotide reductase Ivf2 polypeptide pseudogene 1 


RRM2P2 


ribonucleotide reductase 2vI2 polypeptide pseudogene 2 


RR1VX2P3 


ribonucleotide reductase IVI2 polypeptide pseudogene 3 


RRM2P4 


ribonucleotide reductase M2 polypeptide pseudogene 4 
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RRP4 


"homolog of Yeast RHP4 (ribosomal RNA processing 4), 3'-5 '-exoribonuclease" 


RYK 


D3S3195; Hs. 79350; RYI<L receptor-like tyrosine kinase 


RYKL1 


RYTC receptor- like tyrosine kinase-like 1 


RYR 1 


1VIHS 1 ; ryanodine receptor 1 (skeletal); RYR; 1VIHS; malignant hypertherrnia 
susceptibility 1; sarcoplasmic reticulum calcium release gene 


o 1 13 
0 lr 


M site-1 protease (sub tili sin-like, sterol-regulated, cleaves sterol regulatory 
element binding proteins)" 


S ARDH 


DlVl CjDHL 1 ; sarcosine dehydrogenase; dimethyl glycine dehydrogenase— like 1; 
SAR; SARD 


SAJRS 


SERS; scryl-tRNA synthetase 


SAT 


spermidine/sp ermine 1ST 1- acetyl transferase; Hs.28491; SSAT 


SC4MOL 


sterol-C4-methyl oxidase-like; DESP4; ERG25 


SC4MOP 


sterol -C4-m ethyl oxidase pseudogene; DBSP4P1 


SC5DL 


" sterol— C^5 — desaturase (fungal EI^_Cj3, delta— 5— desaturase)— like* 1 


SCAD-SRT 


§r_)R- SPJL.; peroxisomal short— chain alcohol dehydrogenase 


SCCA2 


crmniTirni<; ff^ll rz*~rc- lT-ifvmn anti crpn 7 HpiininV "PT1 "1 * PiYi+f*?* <2f* TnTii V>Tfwr"^'l irmp- 

serpin) 


SCD 


s t ear oy 1 - CoA desaturase (delta- 9 -desaturase) 


S CD P 


stearoyl-CoA desaturase (delta- 9 -desaturase) pseudogene 


SCN4A 


"HYKPP; HYPP; hyperkalemic periodic paralysis (Gamstorp disease, adynamia 
episdica hereditaria); sodium channel, voltage-gated, type IV, alpha 

KJ JL^y Ll \~l 


SCISTS A 


* ' 1V1 jb£D ; sodium channel, voltage— gated, type ^VtJLl, alpha polypeptide* motor 
endplate disease" 


scoi 


"SC^ODl; SCO (cytochrome oxidase deficient, yeast) homolog 1" 


SC02 


"SCOIL; SCO (cytochrome oxidase deficient, yeast) homolog 2" 


SDHA 


"SDH2; succinate dehydrogenase complex, subunit A., flavoprotein QFp); 
Hs.469; FP" 


SDHEJ 


' ' S 13 IT 1 ; succinate dehydrogenase complex, subunit B, iron sulfur (IP); Hs.64; 
IP; SDH" 


0 ni l 


"succinate dehydrogenase complex, subunit C, integral membrane protein, 
1 5kJD" 


SDHD 


" P (T-tT . 1 • succinate dehydrogenase complex, subunit D, integral membrane 
protein; paraganglioma or familial glomus rumors 1 ; PGL" 


SDR1 


short-chain dehydrogenase/reductase 1; RSDR1 


SDS 


serine dehydratase; Hs.7675 1; L-SERINE DEHYDRATASE; SDH 


SEL 


SEL-PE1ST; Selenophosphate synthetase 


SETMAR 


SEX domain and mariner transposase fusion gene 


SGK 


serum/glucocorticoid regulated kinase; SGK1 


SGK2 


serum/glucocorticoid regulated kinase 2; H-SGK2 


SGKL 


SOIC2; serum/glucocorticoid regulated kinase-like; SGKL3 


SGPL1 


SPL; sphingosine-1 -phosphate lyase 1 


SGSH 


N-sulfoglucosamine sulfohydrolase (sulfamidase); HSS 


SH2D1A 


"3LYP; SH2 domain protein 1A, Duncan's disease (lymphoproliferative 
syndrome); XLP; IMD5; MTCP1; lymphoproliferative syndrome; SAP; IDS HP; 
EBVS; XLPD; Duncan disease" 
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SHMT1 


serine hydroxymethyltransferase 1 (soluble); Hs.8889; CSHlVtT; cytoplasmic 
serine hydroxymethyltransferase 


SHMTIP 


serine hydroxymethyltransferase 1 (soluble) pseudogene 


SHMT2 


SHIVTT; serine hydroxymethy] transferase 2 (nii to chondrial) 


SI 


Hs.2996; sucrase-isomaltase 


SIASD 


SD; sialic acid storage disease; Salla Disease 


SIAT1 


"Hs.2554; sialyltransferase 1 (beta-galactoside alpha~2,6-sialytransferase)" 


SIAT2 


sialyltransferase 2 (monosialoganglioside sialyltransferase) 


SI AT 3 


"SIAT3-PEN; sialyltransferase 3 (Gal beta 1,3 (4) Glc NAc Alpha 2,3- 
sialyl transferase); ST31ST" 


SIAT4A 


"Hs.60617; sialyltransferase 4A (beta-gal actosidase alpha-2 ,3 -sialy transferase)" 


SIAT4B 


"sialyltransferase 4B (beta-galactosidase alpha-2,3-sialytransferase)" 


ox^V. X. **\ — 


M r~T^ c i'? o - CTAT4- Tsj A "KIT" A ^ • «5i£*1V! transferase 4C~' fheta- al actosi dase alr>ha-2 3- 
sialy transferase)" 


SIAT5 


"STZ; SAT3; sialyltransferase 5 (g al act osyldi a cyl glycerol alpba 2,3- 
s i al y 1 tr an sf er a s e) 1 ' 


SIAT6 


"sialyl transferase 6 (N-acetyllacosaminide alpba 2,3 -sialyltransferase)" 


SIAT7 


n ci'ji 1 "hr-*^T~i cfpr^ ci=» 7 ( ( c\ 1 v-fcVic* — TvX_ r > /= k 'r~\/'l ti ^ i irin"n invl ~~*~) *\ — l"**=*i"j^ — cr^l crv/1 — 1 TSJ— 
o Idl Y X LA alio -LCI ao t / ^\^alLJlla~l>i — <X\^f\^ L Jy lllv> U.J. dllliilj' L . UV'tcl~galav vV-/ w>_y A— JL 5 -J j X 

acetyl galactosaminide alpha~2, 6- sialyltransferase)" 


SI AT 8 A 


"SIAT8; Hs. 82527; sialyltransferase 8 (alpha-N-acetylneuraminate: alpha-2.,8- 
sialy transferase, GD3 synthase)" 


SIAT8B 


"STX; ST8SIA-II; sialyltransferase 8 (alpha-2, 8-sialytransferase) B" 


SIAT8D 


PST; poly sialyltransferase 


SIAT9 


"ST3GALV; SIATG1VL3S; sialyltransferase 9 (CMP-Nc uAc : lactosylceramide 
alp ha-2, 3 -sialyltransferase; G2VI3 synthase)" 


SIATL1 


sialyltransferase-lilce 1 


SIP2-28 


CIB; KLIP; calcium and integring binding protein (X»JA-dependent protein 
kinase interacting protein) 


SICAP55 


src lcin as e- associated phosphoprotein of 55 kDa 


SKP1A 


S-phase kinase -associated protein 1A (p!9A) 


SKJP1B 


S-phase kinase-associated protein IB (pl9B) 


SKP2 


S-phase kinase-associated protein 2 (p45) 


SLC23A1 


"SVCT1; YSPL3; solute carrier family 23 (nucleobase transporters), member 1" 


SLC25A16 


C"t 1 ") /A. " "IV/1 1 *7 * Q 1 1 1 *t"f^ f*~* 1^\TT~TT"\ f^T" Tflmil V O ^ i -tTl 1 ri*~vn /'l-fi <s1 — i — i (--t- ' C^-r"^ "X 7 f=* O -t o rf=* o 

vji-y^i., ivxj-f / , auiuLc i^ai i ici j.axiiiijf ^ — ' ^1111 luoixuiiui i<t J. Oai 1 1C1 - vJidvCo LUbCdbC 

autoanti gen) member 16 


SLC25A20 


*' { 1 At ( V t * • ^nl 1 1"t F* r^flTTi pr "fVmTil"\/ "7 ^ ^ rnrnitinp/nnvlr'n'rnitinp +r;>nc1rtr»cicA^ #=»-i-*-iT-»<^t- 
> — ^-i >. ^--^ a ^ owiuLo uaiii^i x^i.iiXAJ._y y^aLiiiLXiiC// a^/yiUuilllLiilC U. £XXlt^.AUwcL^1^ J 7 lllCHlDcr 

20; carnitine/acylcarnitine translocase; CAC" 


SLC25A20P 


"CACTP; solute carrier family 25 (carnitine/acylcarnitine translocase), member 
20 pseudogene; camitine/acylcarnitine translocase pseudogene" 


SLIC 


"SNFl (sucrose non fermenting., yeast, homolog)-like kinase" 


SLPI 


secretory leukocyte protease inhibitor (antileulcoproteinase); HUSI-I 


SMA@ 


"SIVEA; spinal muscular atrophy (Werdnig-Hoffmann disease, KLugelberg- 
Welander disease)" 


SMARCA3 


"SNF2L3; SNF2 (sucrose nonfermenting, yeast, homolog)-like 3; SWI/SNF 
related, matrix associated, actin dependent regulator of chromatin, subfamily a, 
member 3; HLTF; HIP1 16; helicase-like transcription factor" 
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T^*>«tf* ri y% x^if* ix n f IT.nTVTiiP 

JL.^ V> J \- X Xl^F l~XX_7XX VFX XVJlZij r lllC ; 


SMARCB 1 


"SNF5L1; SAVI/SNF related, matrix associated, actin dependent regulator of 
homolog)-like 1 (integrase interactor 1); Snrl; BAF47; hSNFS; Sfhlp" 


STvLPD 1 


Hs.77813; Niemann -Pick disease" 


SIVXPD2 


"sphingomyelin phosphodiesterase 2, neutral membrane (neutral 
sphingomyelinase); nSrvIase" 


sivis 


spermine synthase; SpS 


SNCA 


"PARKLl; synuclein, alpha (non A4 component of amyloid precursor); 
Parkinson disease, familial 1; Hs. 76930; NACP; PD1" 


STNFIC 


serum-inducible kinase 


SO ATI 


SOAT; HsT72; STAT; ACAT; sterol O-acyltransferase (a cyl- Co enzyme A: 
cholesterol acyltransferase); ACAT- 1 


SOAT2 


sterol O-acyltransferase 2; ACAT2; ARGP2: sterol O-acyltransf erase 2 


SOD1 


"superoxide dismutase 1, soluble (amyotrophic lateral sclerosis 1 (adult)); 
Hs. 75428; ALS; ALS1" 


SOD 2 


"Hs.73830; superoxide dismutase 2, mitochondrial" 


SOD 3 


"Hs.2420; superoxide dismutase 3, extracellular" 


S OR D 


Hs.878; sorbitol dehydrogenase 


SP-22 


thioreductase-dependent peroxide reductase SP-22 


spajvti 


"sperm adhesion molecule 1 (PH-20 hyaluronidase, zona pellucida binding); 
PH-20; HYAL3" 


SPC18 


signal peptidase complex (18kD) 


SPHAR 


s-phase response gene 


SFHKT 


sphingosine kinase 1 


spinki 


"Hs. 46262; serine protease inhibitor, KLazal type 1" 


SPINIC2 


"HUSI-II; serine protease inhibitor, Kazal type 2 (acrosin -trypsin inhibitor)" 


SPINT1 


"serine protease inhibitor, KLunitz type 1" 


SPTlNT J 2 


"ICOP; HAI-2; serine protease inhibitor, ICunitz type, 2" 


SPHSTX3 


"HKIB9; serine protease inhibitor, ICunitz type, 3" 


SPR 


"sepiapterin reductase (7,8-dihydrobiopterin:3STADP4- oxidoreductase)" 


SPS2 


selenophosphate synthetase 2 


SPTI 


LCB 1 ; serine palmitoyltransferase subunit I 


SPUVE 


"serine protease, umbilical endothelium" 


SQLE 


squalene epoxidase 


SRD5A1 


£> LCI U1U ^ "dip Jla~I CUUL/ Lab^ 9 dljJlld jJ^Jl^ J_?C|J L1U-C L ^J"UAU-J d 1XJX J.cl"""i> ICl OlU OClla — 

dehydrogenase alpha 1); Hs.552" 


SRD5A2 


dehydrogenase alpha 2); Hs.1989" 


SRD5AP1 


"steroid-5-alpha-reductase, alpha polypeptide pseudogene 1 (3-oxo-5 alpha- 
steroid delta 4 -dehydrogenase alpha pseudogene)" 


SBJD5BP1 


"steroid-5-beta-reductase, beta polypeptide pseudogene 1" 


SRTvI 


Hs. 76244; SRML1; spermidine synthase 


SRML2 


spermidine synthase-like 2 


SRJVIS 


SRIvf ; src-related kinase lacking C-terminal regulatory tyrosine and N-terminal 
myristylation sites 


SRPK1 


SFRS protein kinase 1; SFRSK1 
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SRPK2 


SFRS protein kinase 2; SFRSK2 


ST3GALV1 


' 1 alpha2 , 3 - si aly 1 tran sferase' ' 


STAT3 


signal transducer and activator of transcription 3 (acute-phase response factor); 
Hs.1618; APRF 


STE 


"sulfotransferase, estrogen-preferring; EST" 


STGD2 


Star gar dt disease 2 (autosomal dominant) 


STGD3 


Stargardt disease 3 (autosomal dominant) 


STGD4 


Stargardt disease 4 (autosomal dominant) 


STHM 


sialyltransf erase 


STKIO 


serine/threonine kinase 1 0; LOIC 


STIC 1 1 


serine/threonine kinase 1 1 (Peutz-Jeghers syndrome); PJS; LKB 1 


STIC 12 


AUC2; ARIC2; AHVI-1; serine/threonine kinase 12 


STIC 13 


serine/threonine kinase 13 (aurora/EPI_l-like) 


STIC14A 


serine/threonine kinase 14 alpha; p70S61c 


STIC 15 


serine/threonine kinase 15; BTAIC; serine/threonine kinase 15 


STIC 16 


MP SIC; PKJL12; serine/threonine kinase 16 


STIC17A 


DRAK1 ; serine/threonine kinase 17a (apoptosis-inducing) 


SIX 1 7B 


DRAIC2; serine/threonine kinase 17b (apoptosis-inducing) 


STIC 1 8 


serine/threonine kinase 1 8 


STIC19 


serine/threonine kinase 19; D6S974E; D6S60; D6S60E; RP1; Gil 


STK2 


Hs.1087; serine/threonine Icinase 2 


STIC3 


"serine/threonine Icinase 3 (Ste20, yeast homolog); 3VIST2; ICRS1" 


STIC4 


"serine/threonine kinase 4 (Ste20, yeast homolog); MST1; KLRS2" 


STIC 6 


serine/threonine kinase 6; aurora IPL1 -like kinase; BTAIC; AIK 


STK6P 


serine/threonine kinase 6 pseudogene; STIC6P1 


STK9 


serine/threonine kinase 9 


STS 


"ARSC1; AJR.SC; Hs.79876; arylsulfatase C, isozyme S; steroid sulfatase 
(microsomal)" 


STSP 


steroid sulfatase (microsomal) pseudogene 


SUCLA2 


"succinate- Co A ligase, ADP-forming, beta subunit" 


SUCLG1 


"SUCLA1; succinate-CoA ligase 3 GDP-forming, alpha subunit" 


SUCLG2 


"succinate- Co A ligase, GDP-forming, beta subunit" 


SULT 


su 1 f otran s fera se 


SULT1A1 


"STP1; sulf otran sferase family IA 5 phenol -preferring, member 1; STP; P-PST; 
sulfotransferase, phenol-preferring 1 " 


SULT1A2 


"STP2; sulfotransferase family 1 A, phenol -preferring, member 2; 
sulfotransferase, phenol-preferring 2; HAST4" 


SULT 1 A3 


"STM; sulfotransferase family 1A, phenol-preferring, member 3; TL-PST; 
sul fo tran sferase , mono amine- preferrin g" 


SULT1C1 


sulfotransferase 1C1 


STJLT1C2 


STJLT1C sulfotransferase 


SULT2A1 


"STD; sulfotransferase family 2A, dehydroepiandrosterone (DH E A) -pre ferri n g , 
member 1; Hs.81884; DHEA-ST; sulfotransferase, dehydroepiandrosterone 
(DUE A) -preferring" 


SULT2B 1 


"sulfotransferase family 2B, member 1; HSST2" 


SUOX 


sulfite oxidase 
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SURJB7 


"SRB7; SRB7 (suppressor ofRNA polymerase B, yeast) homo log" 


SYK 


Hs. 74101; spleen tyrosine kinase 


SYNGAP 


"synaptic Ras GTPase activating protein, 135-kD, rat, homolog of" 


SYNJ1 


synaptojanin 1; inositol 5 '-phosphatase (synaptojanin 1); INPP5G 


SYNJ2 


cimflntninnin O - -i-rn-»«3i'f'<~'»1 nTir^crVT-m+f* *— T>Tn~i<3T~»1-k£*+;* "~) ( <i-<rr\ nntm' ^iiif* *~?~\' TTsj PT* ^ T— T 


TACTILE 


"T cell activation, increased late expression" 


1ADA3L 


"ADA3; transcriptional adaptor 2 (ADA2, yeast homolog) -3 like (P CAF histone 
acetylase complex)" 


TAJF1 A 


"SL1; TAFI48; TATA, box binding protein (TBP)-associated factor, RNA 
polymerase I, A., 48kD" 


TAP1B 


SL1; TAFT63; TATA box binding protein (TBP)-associated factor, RNA 
polymerase I, B : 63kD" 


TAF1C 


"SL1; TAFI95; TAFI1 10; TATA box binding protein (TBP)-associated factor, 
RNA polymerase I, C, 1 lOkD" 


TAF2A 


"CCGl; BA2R; TATA box binding protein (TBP) -associated factor, RNA 
polymerase II, A, 250kE>; CCGS; NSCL2; TAFTI250; BALB/c 3T3 ts2 
temperature sensitivity complementing; cell cycle, Gl phase defect, 
(transcription factor TFIID p250 polypeptide)" 


TAF2B 


"TATA box binding protein (TBP)-associated factor, RNA polymerase II, B, 
150kD; TAFTI150" 


TAF2C1 


"TAF2C; TATA box binding protein (TBP) -associated factor, RNA polymerase 
II, CI, 130kD; TAFII130; TAFII135" 


TAF2C2 


"TATA box binding protein (TBP)-assbciated factor, RNA polymerase IT, C2, 
105kE>; TAFII105" 


TAF2D 


"TATA box binding protein (TBP)- associated factor, RNA polymerase II, 13, 
lOOkD; TAFHIOO" 


TAF2E 


"TATA box binding protein (TBP)-associated factor, RNA polymerase II, E, 
70/8 5kJD; TAFH70; TAFII85" 


TAF2F 


"TAFII55; TATA box binding protein (TBP) -associated factor, RNA 
polymerase IT, F, 5 5kD" 


g ~f A ~C?0 ^ — « 

1 A_r2Cjr 


"TATA box binding protein (TBP) -associated factor, RNA polymerase H, G, 
32kD; TAFIT31; TAFII32" 


TAF2H 


"TATA box binding protein (TBP)-associated factor, RNA polymerase II, FT, 
30kD; TAF2A; TAFII30" 


T.AF2I 


"TATA box binding protein (TBP)-associated factor, RNA polymerase II, I, 
28kD; TAFII28" 


TAF2J 


"TATA box binding protein (TBP)- associated factor, RNA polymerase II, J, 
20kT>; TAFII20" 




"TATA box binding protein (TBP) -associated factor, RNA polymerase IT, IC, 
18kT>; TAFII18" 


TP A TH A 


l Arilll J4, 1 s\ i J\ box binding protein ( 1 BPj-associated factor, RNA 
polymerase III, A, 134kD" 




iJ±x t LiLi2.u, l/vijfv box binding protein ( 1 BP)- associated factor, RNA 
polymerase HI, B, 120kT>" 


TAF3D 


"TAFHI80; TATA box binding protein (TBP)-associated factor, RNA 
polymerase III, E>, 80kF>" 


TALDOl 


transaldolase 1 


TALDOP1 


TALDO; transaldolase pseudogene 1; Hs. 77290; TAL-H 
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Name 


Description of Enzyme 


TAOl 


KTAA0881; thousand and one amino acid protein kinase 


TARS 


Hs.84131; threonyl-tRNA synthetase 


TAT 


Hs.2999; tyrosine aminotransferase 


TBXAS1 


"thromboxane A synthase 1 (platelet, cytochrome P450, subfamily V); 
CYP5A1;CYP5 M 


TDD 


"testicular 1 7 ,20-desmolase deficiency" 


TDG 


thymine-DIsTA glycosylase 


TD02 


"tryptophan 2,3-dioxygenase" 


TD02L1 


"tryptophan 2,3-dioxygenase-like 1" 


TDPGD 


"dTDP-D- glucose 4,6-dehydratase" 


TDPX1 


"thioredox in-dependent peroxide reductase 1 (thiol- specific antioxidant 1 , 
natural killer- enhancing factor B); PRP; NKEFB" 


TDPX2 


"PAGB; thioredoxin-dependent peroxide reductase 2 (thiol -specific antioxidant 
2, proliferation-associated gene B)" 


TEC 


tec protein tyrosine kinase; Hs.89656; PSCT3C4 


TEIC 


"VTvIClvI; TEK tyrosine kinase, endothelial (venous malformations, multiple 
cutaneous and mucosal); TEIC tyrosine kinase, endothelial; TIE2; VMCM1; 
venous malformations, multiple cutaneous and mucosal" 


TEP1 


telomerase -associated protein 1; telomerase protein component 1; TP1; TLP1 


TERC 


telomerase RNA component; hTR 


TERT 


telomerase reverse transcriptase; TRT; TP2; TCS1; hEST2 


TESIC1 


testis- specific lcinase 1 


TESIC2 


testis-specific lcinase 2 


TGFBR1 


"ALJEC-5; ACVRLK4; transforming growth factor, beta receptor I (activin A 
receptor type XI— like kinase, 53kT~!))" 


TGM1 


"transglutaminase 1 (KL polypeptide epidermal type I, protein- glut amine- gamma- 
glutamyltransferase); Hs.22; ICR2; TGASE; ichthyosis congenita II, non- 
erythromatous lamellar ichthyosis" 


TGM2 


" transglutaminase 2 (C polypeptide, protein-glutamine-gamma- 
glntamyltransferase) " 


TOM 3 


"Hs.2022; transglutaminase 3 (E polypeptide, protein-glutamme-gamma- 
gl ut amy 1 transferase) " 


TGM4 


Hs.2387; transglutaminase 4 (prostate) 


TGM5 


TGX; TC5MX; transglutaminase 5 


TH 


Hs. 89849; tyrosine hydroxylase; Hs.2031; Hs. 89780 


THOP1 


thimet oligopeptidase 1 


THOP2 


thimet oligopeptidase 2 


TEE 


Hs.78824; JTK14; tyrosine kinase with immunoglobulin and epidermal growth 
factor homology domains; TIE 1 


TIIVI17 


TUVT17A; preprotein translocase 


TUVI17B 


JTVI3; inner mitochondrial membrane preprotein translocase 


TIM44 


mitochondrial inner membrane translocase 


tuvhvlsa 


"DFN1; translocase of inner mitochondrial membrane 8 (yeast) homolog A; 
deafness, X -linked 1, progressive; DXS1274E; DDP; MTS; deafness 1, 
progressive; IMohr-Tranebj aerg syndrome; deafness/dystonia peptide" 


TIMP1 


"Hs-1417; EPO; TEMP; CLGI; tissue inhibitor of metalloproteinase 1 (erythroid 
potentiating activity, collagenase inhibitor)" 
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Name 


Description of Enzyme 


TIMP2 


Hs.1795; tissue inhibitor of metalloproteinase 2 


TIMP3 


"SFD; tissue inhibitor of metalloproteinase 3 (Sorsby fundus dystrophy, 
p s eud oin fl ammatory) " 


TIMP4 


tissue inhibitor of metalloproteinase 4 


TK1 


"thymidine kinase 1, soluble; Hs.2033" 


TK2 


"thymidine kinase 2, mitochondrial" 


TKT 


Hs. 89643; transketolase (Wernicke-Korsakoff syndrome) 


TKTL1 


transketolase-like 1 ; TICR; transketolase-related gene; TKR-PEN; TKT; TTCT2 


TLK2 


tousled-like kinase 2; serine/threonine kinase; PKXJ- alpha 


TLSP 


"protease, serine, ti-ypsin-like" 


TMPRSS2 


"transmembrane protease, serine 2; PRSS10" 


TMPRSS3 


"transmembrane protease, serine 3" 


TNK1 


"tyrosine kinase, non-receptor, 1" 


TNKS 


"tankyrase, TRF1 -interacting ankyrin-r elated ADP-ribose polymerase; PARPL; 
TIN1; TINFJ M 


T01VI34 


I ITOIS/I3 4P ; outer mitochondrial membrane translocase (34kD) 


TOP 1 


Hs.3 1 7; topoisomerase (DNA) I 


TOP1P1 


topoisomerase (DNA) I pseudogene 1 


TOP1P2 


topoisomerase (DNA) I pseudogene 2 


TOP2A 


Hs.3 378; TOP2; topoisomerase (DNA) II alpha (170kD) 


TOP2B 


Hs. 75248; topoisomerase (DNA) II beta (180kD) 


TOP 3 


topoisomerase (DNA) III 


TOP3B 


topoisomerase (DNA) III beta 


TP IT 


TPRH; tryptophan hydroxylase (tryptophan 5 -monooxy genase) 


TPI1 


triosephosphate isomerase 1 


TPMT 


thiopurine S -methyl transferase; Hs.85291; Hs. 74021 


TPO 


thyroid peroxidase; Hs.2041 


TPP2 


Hs. 1117; tripeptidyl peptidase II 


TPS1 


"Hs. 73834; tryptase, alpha" 


TPS2 


"Hs.99917; tryptase, beta (tryptase II); Hs.1127; Hs. 96059" 


TPST1 


tyrosylprotein sulfo transferase 1 


TPST2 


tyrosylprotein sul fo transferase 2 


TPTE 


transmembrane phosphatase with ten sin homology 


TR 


TR3 ; TIOORJ2; thioredoxin reductase beta 


TRAD 


DUET; serine/threonine kinase with Dbl- and pleckstrin homology domains 


TREH 


trehalase Cbrush-border membrane glycoprotein); TRE; TREA 


TREX1 


"three prime repair exonuclease 1; deoxyribonuclease III, dnaQ/mutD (PL coli)- 
like; DRN3" 


TREX2 


Three prime repair exonuclease 2 


TRF4 


LAK-1; TRF4-1; topoisomerase-related function protein 4 


TST 


Hs. 74097; thiosulfate sulfurtransferase (rhodanese) 


TTF1 


"transcription termination factor, RNA polymerase I; Hs.89853 M 


TTF2 


"transcription termination factor, RNA polymerase II; HUF2; transcription 
termination factor, RNA polymerase II" 


TTK 


Hs.2052; TTK protein kinase 


TXK 


TXK tyrosine kinase; Hs.29S77; TICL; PSCTK5 
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rNarxie 


description of Enzyme 


TXNRD1 


TXKTR; thioredoxin reductase 1 ; Hs. 1 3046 


TYKJ2 


Hs.75516; JTK1; tyrosine kinase 2 


TYMS 


Hs. 82962; TS; thymidylate synthetase 


TYP1 


TYP 1 -PEN; threonine-tyrosine phosphatase 1 


TYR 


Hs.2053; OCAIA; tyrosinase (oculocutaneous albinism LA.) 


TYRL 


tyr o s inas e- 1 i Ice 


TYR03 


RSE; Tyro3 protein tyrosine kinase; Tyro3 protein tyrosine lcinase (sea-related 
receptor tyrosine kinase); Hs.301; Otic; Brt; Tif; Sky 


TYR03P 


TYR03P protein tyrosine lcinase pseudogene 


TYR04 


TYR04 protein tyr osine kinase 


TYROBP 


DAP 12; KLARAP; TYRO protein tyrosine lcinase binding protein 


TYKP 1 


Hs.75219; CAS 2; TYRP; tyrosinase-related protein 1 


U5-200-KD 


"U5 snPOsJP-specific protein, 200 lcDa (DEXH RNA helicase family)" 


UBE3A 


"ubiquitin protein ligase E3A (human papilloma virus £6-associated protein, 
A iig elm an syndrome); E6-AP; EPVE6AP; AS; Angelman syndrome" 


UBE3AP1 


ubiquitin protein ligase E3A pseudogene 1 


UBE3AP2 


ubiquitin protein ligase E3 A pseudogene 2 


TJBR1 


"ubiquitin -protein ligase e3 component, N-recognin" 


UBTF 


"TJBF; upstream binding transcription factor, R1STA polymerase I" 


UCHH2 


ubiquitin carboxyl- terminal esterase H2 (ubiquitin thiolesterase) 


UCHL1 


ubiquitin carboxyl-terminal esterase LI (ubiquitin thiolesterase) 


UCHL2 


ubiquitin carboxyl-terminal esterase L2 (ubiquitin thiolesterase) 


UCHL3 


ubiquitin carboxyl-terminal esterase L3 (ubiquitin thiolesterase) 


UGCG 


XJE>P-glucose ceramide glucosyltransferase 


UGDH 


UE>P-glucose dehydrogenase 


UGP1 


UDP -glucose pyrophosphorylase 1 


UGP2 


UDP-glucose pyrophosphorylase 2 


UGT1 


UGT1A1; UDP glycosyltransf erase 1; GNT1 


UGT2A1 


"UDP glycosyltransferase 2 family, polypeptide Al" 


UGT2B 


"UGT2; UGT2B@; UDP-glucuronosyl transferase 2 family, polypeptide B; 
UDP-glucuronosyl transferase 2 family, polypeptide B gene cluster" 


UGT2B10 


"UDP glycosyltransferase 2 family, polypeptide BIO" 


UGT2B1 1 


"UDP gly co syltransf erase 2 family, polypeptide Bll" 


UGT2B15 


"UDP glycosyltransferase 2 family, polypeptide B 15; UGT2B8" 


UGT2B 1 7 


"UDP glycosyltransferase 2 family, polypeptide B17" 


UGT2B4 


"UDP glycosyltransferase 2 family, polypeptide B4; UGT2B 11" 


UGT2B7 


"UDP glycosyltransferase 2 family, polypeptide B7; UGT2B9" 


UGT8 


CGT; UDP glycosyltransferase 8 (UDP-galactose ceramide galactosyl 
transferase); Hs.57700 


UEICl 


unc-5 1 (C elegans)-lilce kinase 1 


UMPH2 


uridine 5 -monophosphate phosphohydrolase 2 


UTVtPIC 


uridine monophosphate kinase 


UMPS 


Hs.2057; uridine monophosphate synthetase (orotate phosphoribosyl transferase 
and orotidine- 5'- decarboxylase) 


UNG 


Hs.78853; DGU; UDG; uracil-DNA gly cosy lase; Hs.3041 


UNG2 


uracil-DlSTA glycosylase 2 
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Name 


Description of Enzyme 


UNGP 1 


UNGP I -PEN; uracil-DNA glycosylase pseudogene 1 


UKGP2 


UNGP2-PEN; uracil-DNA glycosylase pseudogene 2 


uox 


urate oxidase 


UP 


uridine phosphorylase 


UQCR 


ubiquinol- cytochrome c reductase (6.4kD) subunit 


UQCRB 


ubiquinol-cytochrome c reductase binding protein; Hs. 1926; UQBP; QP-C 


UOCRJBP 1 


ubiquinol— cytochrome c reductase binding protein pseudogene 1 


UQCRBP2 


ubiquinol— cytochrome c reductase binding protein pseudogene 2 


liQCRC 1 


D3S3 191; Hs. 99878; ubiquinol-cytochrome c reductase core protein I; 
Hs.75164' 


UQCRC2 


ubiquinol-cytochrome c reductase core protein II 


UQCRFS 1 


"RIS1; ubiquinol-cytochrome c reductase, Rieslce iron-sulfur polypeptide l ,r 


UQCRFSL1 


"ubiquinol-cytochrome c reductase, Rieslce iron- sulfur- polypeptide-lilce 1" 


UQCRH 


ubiquinol-cytochrome c reductase hinge protein 


UROD 


Hs.78601; uroporphyrinogen decarboxylase 


UROS 


Hs.75593; uroporphyrinogen HI synthase (congenital erythropoietic porphyria) 


USP1 


ubiquitin specific protease 1 


USP11 


UPCX1; ubiquitin specific protease 11 


USP13 


ISOT-3; ubiquitin specific protease 13 (isopeptidase T-3) 


USP 14 


TGT; ubiquitin specific protease 14 (tRJN A.- guanine transglycosylase) 


USP 15 


KJAA0529; ubiquitin specific protease 15 


USP 16 


UBP-lvl; ubiquitin specific protease 16; UBPM; UjBP-IVI 


USP 18 


ubiquitin specific protease 18 


USP 19 


ICIAA0891; ubiquitin specific protease 19 


USP2 


ubiquitin specific protease 2; UBP41 


USP20 


KJAA1003; ubiquitin specific protease 20 


USP21 


USP23; ubiquitin specific protease 21; USP 16 


USP25 


ubiquitin specific protease 25; USP21 


USP3 


ubiquitin specific protease 3 


USP4 


"UlSTP; ubiquitin specific protease, pro to- oncogene; Unph" 


USP5 


ubiquitin specific protease 5 (isopeptidase T); IsoT; ISOT-1 




HRP1; ubiquitin specific protease 6 (Tre-2 oncogene); TRE-2; I'REl 7; 
hyperpolymorphic gene 1 


Uor / 


ubiquitin specific protease 7 (herpes virus -associated); HAUSP; herpesvirus- 
associated ubiquitin-specific protease 


USP9-5C 


"ubiquitin specific protease 9, X chromosome (Drosophila fat facets related); 
DFFRX; Drosophila fat facets related X" 


USP9Y 


"ubiquitin specific protease 9, Y^ chromosome (Drosophila fat facets related) - 
DFFRY; Drosophila fat facets related Y" 


UST 


uronyl 2-sulfotransferase 


VAKTI 


LETK1; LEKTI; serine proteinase inhibitor 


VARS1 


VARS; valyl-tRNA synthetase 1 


VARS2 


valyl-tRNA synthetase 2 


VBCH 


van Buchem disease; hyperostosis corticalis generalisata 


VLCS-H2 


very long-chain acyl-CoA synthetase homolog 2 


VMD2 


vitelliform macular dystrophy (Best disease) 
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Name 


Description of Enzyme 


VRK1 


vaccinia related kinase 1 


VRJEC2 


vaccinia related kinase 2 


VWFCP 


von Willebrand factor- cleaving protease 


WARS 


IFI53; tryptophanyl -tRN A synthetase; interferon-induced protein 53; IFP53 


WARS 2 


tryptophanyl tRNA synthetase 2 (mitochondrial) 


WWP2 


AJP2; Nedd-4-like ubiqui tin-protein ligase 


XBX1 


"xylan 1,4-beta-xylosidase 1" 


XDH 


Hs.250; xanthine dehydrogenase 


xpisnPEPi 


"XPNPEP; X-prolyl aminopeptidase (aminopeptidase P) 1, soluble" 


XPNPEP2 


"X-prolyl aminopeptidase (aminopeptidase P) 2, membrane -bound" 


XPNPEPL 


X-prolyl aminopeptidase (aminopeptidase P)-like; pepP 


XRN2 


5* -3' exoribonuclease 2 


XWNPEP 


>C- tryptophanyl aminopeptidase (aminopeptidase W) 


XYLB 


xylulokinase (H. influenzae) homolog 


YAUS 


YXS; YRS; TYRRS; tyro syl- tRNA synthetase 


YSK1 


SOKL1; sterile 20 (oxidant stress response kinase 1; yeast Spsl/Ste20 -related 
kinase 1) 


YVH1 


S. cerevisiae YVH1 protein-tyro sine phosphatase ortholog 


YWHAA 


"tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
alpha polypeptide" 


YWHAB 


"Ms. 821 40; tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, beta polypeptide" 


YWHAD 


"tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
delta polypeptide" 


YWHAE 


"tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
epsilon polypeptide; 14-3-3 epsilon" 


YWHAG 


"tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
gamma polypeptide" 


YWHAH 


"Hs. 75544; YWHA1; tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 
activation protein, eta polypeptide" 


YWHAQ 


"tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, 
theta polypeptide; HS1; tyrosine 3-monooxygenase/tryptophan 5- 
m on o oxygenase activation protein, theta polypeptide" 


YWHAZ 


"Hs.75103; tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, zeta polypeptide" 


ZAP70 


SRIC; zeta-chain (TCR) associated protein kinase (70 1<X>); syk-related tyrosine 
kinase 


Z1V1PSTB24 


"STE24; STE24P; FACE-1; zinc metalloproteinase, STE24 (yeast, homolog)" 


ZRIC 


"zona pellucida receptor tyrosine kinase, 951cD" 


hMPl 


met all opro tease 1 (pitrilysin family) 



Alternatively, the target sequence may encode a nuclear protein such as a nucleic acid 
binding protein. Examples of nucleic acid binding proteins that may be utilized in the present 
invention are presented in Xable HI. 
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Table in 



Name 


DNA Binding Protein Description 


ALRP 


anlcyrin- like repeat protein; CARP; C-193; cytokine inducible nuclear protein; 
cardiac anlcyrin repeat protein 


APEG1 


"nuclear protein, marker for differentiated aortic smooth muscle and down- 
regulated with vascular injury" 


APEIX 


APE; APEX nuc lease (multifunctional ON A repair enzyme); REF1; MAPI; 

ci IJ HI 1 J J Jvw *ii ^.j _y i 1 1 1 1 1 u 1 1 i i - ci uoicaa c- 


a r> "NTT* 


aryl hydrocarbon receptor nuclear trail si ocator; Pis .47477; PIIF/Pbeta 




r-, t — » 1 1 Vjx » j-^t*^*** ^-rVvrM^ T-^/^ ^n^'h/^fc-r* tinr*1rf»5»T - o -fi o 1 pot /~\ i " 1 \ s^* - T\ /T ( *J T-^ • T A » T\ /T A X 1 

tii J/ 1 ll_y\_li Oval U*J1 1 I COCp LU1 HU^lOtH LI CXi lialvJi-'d LU1 — 1 IJvC, IViV-yJL , J -T VJ _> 5 J_>lVJ_r\J • X 




proline— rich protein with nuclear targeting signal 


BLZF1 


JTElvll; basic leucine zipper nuclear factor 1 (JEM-1) 


C1D 


nuclear DMA-binding protein 


C1D 


nuclear DNA -binding protein 


CHD1 


chromo domain helicase DNA binding protein 1 


CHD1L 


CHDL; CI ID 1 L-PENDTNG; chromodomain helicase DNA binding protein 1- 
nice 




chromodomain helicase DNA. binding protein 2 


CPID3 


chromo domain helicase DNA binding protein 3; lvli-2a 


CHD4 


chromodomain helicase DNA binding protein -4; 3VEi-2b 


DAP 10 


DNAX- activation protein 10 


DDB1 


Hs. 74623; damage- specific DNA binding protein 1 (1271cD) 


DDB2 


Pis. 77602; damage- specific DNA binding protein 2 (481cD) 


DDX9 


"DEAD /I I ( A sp-Glu- Ala- Asp/His) box polypeptide 9 CRISTA helicase A, nuclear 
DNA helicase II); NDPIII" 


DDX9 


"DEAD/H (Asp-Glu- Ala- Asp/His) box polypeptide 9 (RNA helicase A, nuclear 
DNA helicase II); NDHII" 


DDXL 


"nuclear RNA helicase, DECD variant of DEAD box family" 


DEK 


DEIC oncogene (DNA binding); D6S23 IE 


DFFA 


"DNA fragmentation factor, 45 lcD, alpha subunit" 


DFFB 


"DNA fragmentation factor, 40 lcD, beta polypeptide (caspase-activated DNase); 
DNA fragmentation factor, 40 kD, beta subunit; CAD; DFF2; CP AN; DFF40; 
DFF-40" 


DMC1 


"DMC1 (dosage suppressor of mckl, yeast homolog) meiosis-specific 
homologous recombination; DMC 1 II; disrupted meiotic cDNA 1 homolog; 
Ellvl 15" 


DNA 7.T , 




DNAH1 1 


11 r^TsJ A ~t-Tf~" 1 "I ' Hvnpin flvrmfrrml ~\-n=*z*v*.r 11*' 

J — J _L N 1 X V — s X J" A AV^< X ^ -* 5 uAU1IC1J1<11 3 i.1 v^d- v y ±<X 1 1 1 i x 


J — ^ J. ^ -cVX X A ^ 


DTTC3- TTT 1 Q- "FTOTTC^ • T TT _ 1 Q • T~)TsJ A TJC~* ^ - TYMATT< -,, 1 7- H%mpin rVioin n 
•L/.n\ — 5 -LT--L ' i y , xuL-/jnv_^ j> , xjljlj— jjiNrvtiv^j, jl-'in /vxiv^- 1 j£, uyiiciii neavy cnain 1 ^ 


D1SJASE2 




ENC 1 


lNrvTD, llUl/J Cdl I CblllL/LCU pTOLCXIl, Jj J. J3 UOl 1 ItilTl— 111CC ^Draill J, X X\-J 1 U, INjTVJ / Jt5 


FF3RJNP 


VlPtpmuPripmic mirlpar -r>t"JTf"f i -in cimilnr +r~> T-;a+ Vi#=»1-i-v t-i t^d-rai^i 1 -J *t>-i-i-i n i-it-j~i-#-*=»-J i-» 


GADD45A 


DDIT1 ; Hs. 80409; GAJDD45; DNA-damage-iirducible transcript 1 


GADD45G 


"CR6; GADD45-GATVTIV3A; growth airest and DNA-damage-inducible, gamma" 


GRLF1 


GRF- 1 ; glucocorticoid receptor DNA binding factor 1 


HDGF 


hepatoma- derived growth factor (high-mobility group protein 1-like); PHVIG1L2 


HIRIP4 


DNAJ; HIRA interacting protein 4 (dnaJ-like) 
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DNA Binding Protein Description 


HLJ1 


DNAJW; DnaJ-like neat shock protein 40 


HMG1 


high-mobility group (nonhistone chromosomal) protein 1; H3V1G3; Hs.74570 


HMG1L1 


HMX31L7; high-mobility group (nonhistone chromosomal) protein 1-like 1 


HMGCS1 


Hs.21808; HQvlGCS; 3 -hydroxy- 3 -inethyl glut aryl- Co enzyme A synthase 1 
(soluble) 


HMGIY 


high-mobility group (nonhistone chromosomal) protein isoforms I and. Y; 
Us. 6460 5; HMGI-Y; HMGI/Y 


HNF3A 


"hepatocyte nuclear factor 3, alpha" 


HNF3B 


"hepatocyte nuclear factor 3 a beta" 


HNF3G 


"hepatocyte nuclear factor 3, gamma" 


HNF4A 


"TCF14; hepatic nuclear factor 4, alpha" 


HNF4B 


"hepatocyte nuclear factor 4, beta" 


HNF4G 


"hepatocyte nuclear factor 4, gamma" 


HNTF6 


hepatocyte nuclear factor 6 


HNF6A 


"hepatocyte nuclear factor 6, alpha" 


HRIHFB2 1 22 


putative nuclear protein 


HSJl 


"heat shock protein, neuronal DNAJ-like, 1; HSPF3" 


HSJ2 


"heat shock protein, DNAJ-like 2; HSPF4; dj-2; hdj-2" 


ID1 


Xlo - * ./H^/Tj X 1XX XX LJ & L A X— ^ J- >i jTx UillOliig X. ^ Uullllliaill llC'g.Cl Li Vt/ XAt^X X^V*"X*~HJ LJ~XXWXAJV 

protein" 


ID2 


111111U1 LUl \J±. J—S X ^l-ti_ LJ XXXt^L AXX£^ ^ VX XXX XX X CX X X L llCgaLl VC ilCllA — Iv/U^ llCllA l-^X Lv^XXX 5 

Hs.76667" 


ID3 


* r T T <?■ "Vf^RJRzl* T— f I-h' 1 I-? _ 1 * i-nViiViitnT nf r)"NTA lninHincr rlominnnt npcrcit'i\rp T-k*»"l-i-v 1 i-v _ 

helix protein" 


1134 


"Hs.34853; inhibitor of DNA binding 4, dominant negative helix-loop-helix 
protein" 


INSL 


Insulin-like DNA sequence 


ICIAA0765 


HIRXHFB209 1 ; putative brain nuclearly-targeted protein 


K1IP2 


DNA-dependent protein kinase catalytic subunit-interacting protein 2 


LAF4 


lymphoid nuclear protein 4 


LHFP 


lipoma HMGIC fusion partner 


LHFPL 1 


lipoma HMGIC fusion partner-like 1 


LHFPL3 


lipoma HMGIC fusion partner-like 3 


LHFPL4 


lipoma HMGIC fusion partner-like 4 


LIGl 


"Hs.1770; ligase I, DNA, ATP-dependent" 


LIG2 


"ligase II, DNA, ATP-dependent" 


LIG3 


"Hs. 100299; ligase III, DNA, ATP-dependent" 


LIG4 


"ligase IV, DNA, ATP-dependent" 


LPSA 


"Oncogene liposarcoma (DNA segment, single copy, expressed, probes" 


LXR 


"orphan nuclear hormone receptor, retinoid response" 


1VL96 


putative DNA binding protein 


IvffiRJR 


metalloregulatory DNA-binding protein 


mgmt 


O-6-methylguanine-DNA methyltransferase; Hs.13 84 


IvXNDA 


Hs.3197; myeloid cell nuclear differentiation antigen 


iVtPG 


Hs. 79396; MDG; N-methylpurine-DNA glycosylase 


1VCRJT 


MR J gene for a member of the DNA J protein family 
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Name 


DIN^A. Binding Protein Description 


InTAORI 


acetyl glucosamine receptor 1 (thyroid); heterogenous nuclear 
ribonucleoprotein IV14 


1ST ASP 


Hs.68S75; nuclear autoanti genie sperm protein (histone-biriding) 


isrcBP 


"Hs. 89750; nuclear cap binding protein, 80kD; Hs. 89563" 


intcoai 


nuclear receptor coactivator 1; SRC1; steroid receptor coactivator 1; NCoA-1; F- 
SRC-1 


NCOA3 


nuclear receptor coactivator 3; AXB1; ACTR; RAC3; p/CEP; CAGH16; 

TTvTT?<~ , 1 f^- TP? A TV/1- 1 * nmnlifi f*c\ i'-n "hvf»5»«;t ranrpr 1 

A 1\J\V - X \Jf , A XWT-LVX — X , <X J.1X yj 1 XXX XXX UlCaol X^-C^X X 


NCOA4 


-ni ir*1f»dr t~ ^-r-\"f r~\T~ r^* j~\ o r»1"TX/^ "t"f\T" * t-*~C~i- * k-e T I-*' 1 * A. A 
XXLXv>XC^<AX ICt-rCULUI tj. ^ LI V <X L^7 L JVT vJ s X <X j X — < JL ? Y 1 IVrV / V/ 


1STCOR1 


nuplpar rerpntnr ro-renreqqnr 1* N-CoR- TR API • hTvT-CoT^ - KTA A1047" 
hCI'I 529110 


NCOR2 


nuclear receptor co-repressor 2; SIVERT; CTG26; SIvlRTE; TNRC14; TRAC-1 


XNV — x i vl 


J ' J N x V ~ LX X X X *J 1 J X £1 tl alldvl X L-7 LX VAXidX aL>ll ValUl 




nuclear domain 1 0 protein 


InDR 


A^.L-'XS. J rOX>, t>d 111*-// XXXX OCJXXlXiC. IVUiabC, llUUlCiU XvXHU^-I CItlLCU. ^X-TUbUpillld ^ 

homolog" 


TxTFATS 


nuclear factor of activated T-cells 5; TOINTEBP; KIAA0827 


NFATC1 


"nuclear factor of activated T-cells, cytoplasmic 1; InTF-ATC" 


NFATC2 


"TnFF-ATP; nuclear factor of activated T-cells, cytoplasmic 2" 


1STFATC3 


"2nTAT4; ISTFATX; nuclear factor of activated T-cells, cytoplasmic 3" 


NHFATC4 


"xsTFAT3; nuclear factor of activated T-cells, cytoplasmic 4" 


NFATC5 


"nuclear factor of activated T-cells, cytoplasmic 5" 


NFE2 


"1NT-E2; nuclear factor ( ery thro id-derived 2), 45kE>" 


NFE2L1 


nuclear factor (erytnroid-derived 2)- like 1; INRFl; LCR-F1 


NFE2L2 


NRF2; nuclear factor (erythroid-derived 2)- like 2 


NFE2L3 


2<rRF3; nuclear factor (erythroid-derived 2)-like 3 


NPIA 


ICIAA 14-39; NFI-L; nuclear factor I/A 




xnTRI-RJED; nuclear factor 1/B 


NFIC 


InTI; CTF; InT-I; nuclear factor I/C (CCAAT-bi rid in g transcription factor) 


1STFLL3 


"IL3BP1; nuclear factor, interleukin 3 regulated; B4BP4; NTFII 3 A; 1NTF-IL3A" 


NFIX 


Hs. 99929; nuclear factor I/X (CCAAT-binding transcription factor) 


NFDCL1 


nuclear factor I/X-like 1 


NFDCL2 


nuclear factor I/X-like 2 


NFI>GL3 


nuclear factor I/X-like 3 


1\TFT>CT .4 


"NTFTX- rnirlp^r factor T/\ 7 -1iVp 4 

-1- > X X , XlLXUXCuX XdOLviX 1/yv — lllVC *-r 


NFIXL5 


nuclear factor I/X-like 5 


NFICJB 1 


Hs. 83428; ICBF1; nuclear factor of kappa light polypeptide gene enhancer in IB- 
cells 1 (pi 05) 


IN Jr 1 is, rS jL 


Hs.73O90; LYT-IO; nuclear factor of kappa light polypeptide gene enhancer in 
B -cells 2 (p49/plOO) 


IN _r JS_x3 J. -rt. 


"xSTFKBI; nuclear factor of kappa light polypeptide gene enhancer in B-cells 
inhibitor, alpha; 1KB A; 2vIAJD-3" 




"nnr.lpar fa p.tnr nf Vanna lioTrl - "rn~»lAn~»*=*-i-*+'if"1^* o-^>-n<=> priViarifpr -it-* T-i _/—<=» 1 1 o -inln"k-i+rtf 
iiu^iv^cu j_a.\_/ i-wi vv x jvci^-f|->cx xxgxxi pvxy xjcp iiuc gcx ic c^xxxxoxxi^cx xxx xj-L/C11d xxixxl LOI \ 

beta; I3CBB; TRXP9" 


NFKEIE 


"nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, 
epsilon; IICBE" 



-93- 



WO 03/027634 



PCT/US02/30249 



Name 


DNA Binding Protein Description 


NFKBIL1 


IKJBL; NFiCBIL; nuclear factor of kappa light polypeptide gene enhancer in B- 
cells inhibitor-like 1 


NFKJ8IL2 


IKBR; nuclear factor of kappa light polypeptide gene enhancer in B -cells 
inhibitor-like 2 


3STFRKU3 


nuclear factor related to kappa B binding protein 


NFX1 


"nuclear transcription factor, X-box binding 1 " 


NFYA 


"nuclear transcription factor Y, alpha; Hs.797; HAP2; CBF-A" 


NKYB 


"nuclear transcription factor Y, beta; CBF-B" 


NFYC 


"nuclear transcription factor Y, gamma; CBF-C" 


NIP1 


NIP 1 -PEN; Nuclear cap binding protein(NCBP) interacting protein- 1 


NIP1L 


"nipl (nuclear import protein, S cerevisiae)-like" 


NI.VCF 


nuclear localization signal deleted in velocardiofacial syndrome 




"EAR- 1 ; THRAL; REV-ERB AALPH A; nuclear receptor subfamily 1, group D, 
member 1 " 


NR1D2 


"RVR; BD73; HZF2; EAR-1R; nuclear receptor subfamily 1, group D, 
member 2" 


NR1H2 


UNR; ubiquitously -expressed nuclear receptor 


NR1H3 


"LXRA; LXR-A; POLE)- 1 ; NR1H3 -PENDING; nuclear receptor subfamily 1, 
group H, member 3" 


NR1H4 


"FXR; HRR1; RIP 14; NR 1 H4-PENDING; nuclear receptor subfamily 1, 
group H, member 4" 


NR1I2 


"nuclear receptor subfamily 1, group I, member 2; PXR; SXR; SAR; BXR; 
ONR 1 ; PAR2; nuclear receptor subfamily 1, group I, member 2" 


NR1I3 


"CAR; MB67; NR 113 -PENDING; nuclear receptor subfamily 1, group I, 
member 3" 


NR1I4 


"CAR2; nuclear receptor subfamily 1, group I 5 member 4" 


NR2C1 


TR2; TR2 nuclear hormone receptor; TR2 


NR2C2 


"TR4; nuclear receptor subfamily 2, group C, member 2; XR4 nuclear hormone 
receptor; TAK1" 


NR2E3 


"PNR; nuclear receptor subfamily 2, group E, member 3" 


NR3CI 


"GRL; nuclear receptor subfamily 3, group C, member 1; Hs. 75772; 
glucocorticoid receptor; GR; Hs.4928 1 " 


NR4A1 


"HIvlR; nuclear receptor subfamily 4, group A, member 1 ; hormone receptor 
(growth factor- inducible nuclear protein N10); TR3; Hs.l 119; GFRP1; NIO; 
NAK1 ; NAK-1 ; NGFIB; nur77" 


NR4A2 


NXJRR1; nuclear receptor related 1 (ti anscriptionally inducible); TINXJR; NOT 


NR4A3 


"nuclear receptor subfamily 4, group A, member 3; CHN; CSJvIF; NOR1; 

ivtnsroR" 


NR6A1 


GCNF; germ cell nuclear factor; RTR; GCNF1 


NRB 


"NRB -PEN; nuclear RNA-binding protein, 54kDa" 


NRF1 


nuclear respiratory factor 1 


NRIP1 


nuclear receptor interacting protein 1 ; RIP 1 40 


NUMA1 


NUMA; nuclear mitotic apparatus protein 1 


NVL 


nuclear VCP-lilce 


OGG1 


8-oxoguanine DNA glycosylase 
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Name 


I)NA Binding Protein Description 


PCBD 


Hs.3192; PCD; DCOH; 6-pyruvoyl-tetrahydropterin synthase/dimerization 
cofactor of hepatocyte nuclear factor 1 alpha (TCF1); pterin-4- alpha 


PCBP 1 


n f rf^^ -V»in rlin cr T"»TVTf~< = *i~n 1 * TTTsTT? "PT-7 1 ■ Vi n T? TsJ V 1 — 1 • Viptf^rriCrfnnnQ Tnirlpnr 

ribonucleoprotein >C 


PCNA 


Hs. 78996; proliferating cell nuclear antigen 


PCNAL 


proliferating cell nuclear antigen -like 


POLA 


"T-Tc? R 1 O /l O - -r-i*"*! x/-m/= i T*c» c<= f I "ilsj A Hi , r< a r > c\\ 1 nil c» " 
Xio.o i yHZ/j jjuiyiiioi doc ^i. \/a i. iiu 


POLB 


"TJc 1 HO/1' rvri1\/-m^i'QCP fT~^>~NJ A r1-iT-* :i r~+<=»r~l^ Vi^^c* " 


POLD 1 


"Hs.653 83; POLD; polynierase (D1STA. directed.), delta 1, catalytic suhunit 
(125kD)" 


POLD2 


"polymerase (DNA directed), delta 2, regulatory subunit (50kD)" 


POLE 


"polymerase (DNA directed), epsilon" 


POLE2 




POLG 


X1.Ej.OU7D 1 9 pUiyillCI dbC ^J-/1N^T. UI1 Ct/lCU £Z,clllilllcX 


JtT K^f X^Kj 


"polymerase (JLJI^'T.-Al directed), gamma 2, accessory su.bun.it; HP55; P*OUS; 
MTPOLB; polymerase (DNA directed), gamma 2, accessory subunit" 


POLH 


"polymerase (DNA directed), eta; XP-V; RAD30A" 


POLI 


T? A mOR- nnl vme-r-a rO"NTA rliVt^ot^rn intn- P AP^O f 5? fsp r pvit;ifip^ Tim-nnlna "R 

JXjTlJ. * J J_ > , puxy llld<XoC ^ J — '-L N \_ \_I 11 v3-k-/ L V7 ^ J J l\Jla 3 1 X _? A_/ ^ wjj . UC1C VlalaC ^ J. 1 1 1V-J 1 ^L, J > 


POLQ 




POT P9A 


pojyiTicrabc \^-Tv i n j^t, j 1 1 ^A^iN-r^v uireoicuj puiypcpLiuc / \ \ki J y, jtd .uvjOO, 
POLR2; POLRA 


POLR2B 


polymerase (RNA) II (DNA directed) polypeptide B (140kD) 


POLR2C 


FIs.79402; polymerase (RNA) H (DNA directed) polypeptide C (33kD) 


POLR2D 


polymerase (RNA) II (DNA directed) polypeptide D 


POLR2E 


polymerase (RNA) II (DNA directed) polypeptide E (25kD) 


POLR2F 


polymerase (RNA) II (DNA directed) polypeptide F 


POLR2G 


polymerase (RNA) II (DNA directed) polypeptide G; RPB7 


POLR2H 


polymerase (RNA) II (DNA directed) polypeptide H 


POLR2I 


polymerase (RNA) II (DNA directed) polypeptide I (14.5kD) 


POLR2J 


polymerase (RNA) II (DNA directed) polypeptide J (13.3kD) 


POLR2K 


polymerase (RNA) H (DNA directed) polypeptide Kl (7.01cD) 


"POT "R9T 


pUlylllCl d.AC' V^XN. 1 N/^V y JLJL V^i-v' J N _/ V UUCL>ICUJ JJW 1^ JJCLJ LI <JC J r t / _ YJ lv.1 J 


POLRJVIT 


J-* ^Jt-jf 11 1C1 clot; ^J\J.\/T-^ 1111 LUt/llVJJIUl la.1 ^ J — 'INrV UlICOLCUyj Xl— IXl Ux_ir 


PP32 


<iuiuiu iici^iccti p/ii«jcap>iji*j|ji u icui, j j jj ^ , jr uidLivc numan JtiJ— ciass j__ l associaxea 
protein I; LANP; PHAP1; ANP32;.I1PP2A" 


PP32R1 


"acidic nuclear phosphoprotein, pp32, related, 1" 


PP32R2 


"acidic nuclear phosphoprotein, pp32, related, 2" 


rKlsJJC 


"HYRCl; protein kinase, DNA-activated, catalytic polypeptide; JCR.CC7; hyper- 

T*adio*>GTi < 5iti'vi'f~v nf mnrmp c^iVl mutatinn rnmnl^mfntiTur 1 • TYM A "Plkr 1 1 
i uviiv/oviioi n v i tj* iiiui iiiw ouiu iiiuio-iiuii 9 oviuipicjiiciiLiii^ J., l_y 1 \/\ J 1%. 


PTB 


Ms. 102127; HNRPI; HNRNPI; polypyrimidine tract binding protein 
(heterogeneous nuclefiT ribonucleoprotein I); Us. 75971 


PUAB4 


"protein spot in 2-D gels (nuclear polypeptide, lOOlcD, relative pi 6.25) 1 * 


RJ3BP2H1 A 


PLU- 1 ; putative DNA/chromatin binding motif; retinoblastoma-binding protein 
2 homolog 1 A 


FJECQL 


Hs.1536; RecQ protein-like (DNA helicase Ql-like) 
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Name 


r>ISTA Binding Protein Description 


RELA 


v-rel avian reticuloendotheliosis viral oncogene horaolog A (nuclear factor of 
kappa light polypeptide gene enhancer in B -cells 3 (p65)); NFKJB3 


RELB 


v-rel avian reticiiloendotheliosis viral oncogene homolog 13 (nuclear factor of 
kappa light polypeptide gene enhancer in B -cells 3) 


RJEV3L 


"RJEV3 (yeast homolog)-like, catalytic subunit of DNA polymerase zeta; POLZ" 


SAMSN1 


"SAM domain, SH3 domain and nuclear localisation signals, 1" 


SATB1 


Hs. 74592; special AT-rich sequence binding protein 1 (binds to nuclear 
matrix/scaffold-associating DNA 1 s) 


SATB 1 


Hs. 74592; special AT-rich sequence binding protein 1 (binds to nuclear 
matrix/scaffold-associating DNA's) 


S CNN ID 


"sodium channel, nonvoltage- gated 1, delta; dlSTaCh; ENaCd" 


SDP2-28 


CIB; ICIP; calcium and integring binding protein (DNA- dependent protein 
kinase interacting protein) 


SON 


SON DNA-binding protein; Hs.92909; DBP-5 


SPIOO 


Hs.77617; nuclear antigen SplOO 


SP140 


SP140-PEN; nuclear antigen Spl40 


SPBPBP 


DNA-binding protein amplifying expression of surfactant protein B 


SPF31 


splicing factor similar to dnaJ 


SPN 


NUDR; suppressin (nuclear deformed epidermal autoregulatory factor- 1 
(DEAF- 1 )-related) 


SRJVI160 


Ser/Arg-related nuclear matrix protein (plenty of prolines 101-like) 


SSBP 


single-stranded DNA-binding protein; Hs.923 


SSNA1 


Sjogren's syndrome nuclear autoantigen 1; nuclear autoantigen of 14 kDa; N14; 
NA14 


TCF1 


"Hs.73888; HNF1; LFB1; transcription factor 1, hepatic; LF-Bl, hepatic nuclear 
factor (HNF1), albumin proximal factor" 


TCF2 


"transcription factor 2, hepatic; LF-B3; variant hepatic nuclear factor; LFB3; 
VHNFl; HNFlbeta" 


TCF7 


"transcription factor 7 (T-cell specific, HMG-box); Hs.lOOOlO; Hs.3002; 
TCF-I" 


TCF7L1 


"transcription factor 7-like 1 (T-cell specific, HMG-box); TCF-3" 


TCF7L2 


"transcription factor 7-like 2 (X-cell specific, HMG-box); TCF-4" 


TDP-43 


TAR DNA-binding protem-43 


TFF2 


GRIP1; NCOA-2; NCOA2-PENDING: nuclear receptor co activator 2 


TITF1 


NICX2A; thyroid transcription factor 1; TTF-1; NEC -2 (Drosophila) homolog A 
(thyroid, nuclear factor) 



Assembly of the inducible cassette is generally performed using standard molecular biology 
techniques such as restriction endonuclease digestion and ligation as described in Sam brook &t aL, 
Molecular Cloning: A Laboratory Manual, 2 nd Ed. s Cold Spring Harbor Laboratory, 1989. In 
general, the inducible promoter is ligated upstream of the targ&t insertion domain such that the 
promoter may induce expression of the target sequence. In addition, the selecting sequence is 
generally ligated in a different reading frame from the inducible promoter such that expression of 
the selecting sequence does not result in induction of the target. 
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There may be some situations in which the addition of a reporter gene is desirable. If a 
reporter gene is used, the positioning of the reporter gene may be different depending on the 
reporter gene's function. Of course, when a reporter gene is used to detect insertion of the target 
into the subcloning vector, the reporter gene is generally positioned such that the target insertion 
5 domain is within the reporter gene allowing the detection of an inserted target sequence by 
disruption of the reporter gene's expression. In contrast, when the reporter gene is used to detect 
insertion of the inducible construct into a mammalian cell, the reporter gene is positioned outside of 
the target insertion domain such that an inserted target does not disrupt expression of the reporter. 

Orientation of the components that comprise the inducible cassette may further depend on 
10 the number of promoters within the cassette and the number of target sequences within the 
inducible cassette. 

When the inducible cassette consists of one promoter, it may be operably linked to the 
target sequence such that it initiates transcription of the target sequence. One skilled in the art will 
recognize the advantages of incorporating two or more promoters within the inducible cassette. 

1 5 When two or more identical target sequences are inserted into the inducible cassette, it may 

be desirable to have one promoter or set of tandem promoters induce expression of the entire 
transcript. Alternatively, when different target sequences are inserted into the same inducible 
cassette, it may be desirable to have at least two promoters each able to induce expression of a 
target individually. For example two target sequences may be inserted in different reading frames 

20 allowing the selective induction by each promoter. 

The subcloning vector is a double stranded circular nucleic acid sequence able to replicate 
and be transcribed within a host cell and able to accept an inducible cassette. A subcloning vector 
preferably comprises an origin of replication site ("ori") and an inducible cassette insertion domain. 
Similar to the inducible cassette, the subcloning vector may further comprise a reporter gene able to 

25 detect the insertion of the inducible cassette and a selecting gene able to select for cells expressing 
the subcloning vector. The type of subcloning vector used with, the present invention may depend 
on the size of the inducible cassette to be inserted. When the subcloning vector is a plasmid the 
inducible cassette may be from about O.l kb to about 15 kb, preferably from about 0.5 kb to about 
10 kb, and most preferably from 1 kb to 6 kb. Plasmids that may be used in the present invention 

30 include, for example, pucl8, pucl9, and pBluescript II ICS.- Preferably the plasmid is pc- 
D2NTA4/TO. 

Endonuclease cleavage sites may be added to allow the removal or insertion of components 
in the subcloning vector by PCR. For example, when the same selecting sequence is present in both 
the inducible cassette and the subcloning vector, a cleavage site may be engineered allowing the 
35 removal of one of the selecting sequences and insertion of an alternative selecting sequence. The 
addition of sequences may be performed using standard PCR techniques whereby primers are 
designed to insert a desired endonuclease cleavage site. 
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Similarly, endonucleasc cleavage sites within the target insertion domain may be modified 
such that a target sequence may be removed from and inserted into the inducible construct without 
removal of the inducible cassette from the subcloning vector. This allows efficient transfer of target 
sequences into and out of the inducible construct- For example, a cleavage site may be removed by 
5 PCR or by ligation of a DNA sequence inactivating the cleaved site. 

One skilled in the art will recognize that the same strategies comprising restriction and 
ligation of a target cDNA sequence into an inducible cassette are applicable in inserting the 
inducible cassette into the subcloning vector. 

In addition, more than one inducible cassette may be inserted into a subcloning vector such 

lO that a single inducible construct may express one or more target sequences. When multiple 
inducible cassettes are added to the subcloning vector they may be inserted in different reading 
frames such that each inducible cassette may be induced individually. However, one skilled in the 
art would recognize that induction of multiple inducible cassettes in different reading frames within 
the same cell would require different inducer molecules or inducing conditions allowing for 

1 5 selective induction. For example in one configuration an assembly protein may be required for 
functional activity of the target sequence. In this case the assembly protein may be inserted within 
a second inducible cassette allowing the assembly protein to be induced prior to induction of the 
target sequence. In yet another configuration, an additional inducible cassette may be inserted into 
the subcloning vector that encodes a growth factor or differentiation activator to enhance cell 

20 growth and promotes differentiation upon induction. Alternatively, in another configuration a 
reporter gene operably linked to a nuclear hormone receptor gene may be inserted into the 
subcloning vector such that induction produces a change in reporter activity that can be measured. 

As previously discussed, the inducer molecule or induction condition allows the user to 
selectively induce the transcription of the target sequence. Correspondingly, the inducer molecule 

25 or induction condition may be different depending on the inducible promoter. For example, 
Ponasterone A is a molecule that induces the expression of a vector comprising an ecdysone 
promoter (Invitrogen, Carlsbad, CA) and tetracycline is a molecule that induces the expression of a 
vector comprising a tetracycline-dependent promoter (Invitrogen, Carlsbad, CA; Clontech, Palo 
Alto, CA). 

30 A change in an environmental condition may also be utilized for induction. For example, 

heat shock promoters are known to induce transcription upon an increase in temperature. 
Consequently, for example by controlling the temperature of the media the user is able to control 
induction of a target sequence. 

A repressor may be used with an inducer or may be used in place of an inducer to regulate 

35 induction. A repressor is a compound that interacts with a nucleotide sequence interfering with 
transcription. Therefore, induction generally occurs in the absence of a repressor. For example 
zinc finger proteins O'ZFPs") are commonly used as repressors. Particularly potent ZFPs comprise 
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a Kxuppel-associated box ("KRAB") domain (Vissing et al. 9 FEB S Letts. 369:153-157, 1995; Beerli 
et al., Proc. Natl. Acad. Sci. 95:14628-14633, 1998). 

A second inducible construct may encode an inducer or a repressor able to control 
transcription of an endogenous target. For example, an inducible expression vector encoding a 
5 regulator, such as for example VP 16, FKJBP or ZTP, may be used to modulate induction of tine 
target wherein the inducer initiates transcription of the regulator and the regulator initiates 
transcription of the target sequence. In this configuration there may be an additional reporter within 
the inducible cassette or within the regulatory construct allowing the induction to be monitored 
between constructs. 

10 Unlilce traditional expression systems, the present invention provides an internal control 

because of the ability to initiate or terminate the expression of the target sequence. Therefore, 
modulation may be determined by comparing values collected prior to and after induction of the 
target sequence. In contrast, traditional methods for utilizing expression vectors generally involve 
transfection of an expression vector in one population of cells and transfection of a control in 

15 another population. However because there is variance in expression between populations and in 
stability of expression over time, modulation is difficult to measure. 

The use of homologous recombination to produce the inducible target may be useful for the 
present invention. In this method, the endogenous promoter of an endogenous target gene is 
replaced with the inducible promoter of the present invention. The DNA constructs derived by 

20 homologous recombination are useful for operatively linking exogenous regulatory and structural 
elements to endogenous coding sequences in a way that precisely creates a novel transcriptional 
unit, provides flexibility in the relative positioning of exogenous regulatory elements and 
endogenous genes and, ultimately, enables a highly controlled system for identification of 
modulatory compounds. 

25 Upon homologous recombination, the inducible regulatory sequence of the construct is 

integrated into a pre-selected region of the target gene in a chromosome of a cell. This region 
should be within 51cb of a coding exon and more preferably within 1 kb of a coding exon for the 
gene of interest- The resulting new transcription unit containing the cons tn. i ct- derived inducible 
regulatory sequence alters the expression of the target gene. 

30 According to this method, the inducible cassette may comprise 5' and 3' insertion adapters 

enabling it to be inserted into the genome of the host organism by homologous recombination using 
standard recombination techniques (Man sour et aL, Nature 336:348, 1988; U.S. Pat. No. 6,270,989 
to Treco, U.S. Pat. ISTo. 6,242,218 to Treco, all of which are incorporated in their entireties herein by 
reference). In this configuration, the insertion adapters are complementary to the non-coding region 

35 of the genome where the inducible cassette is to be inserted. 5 'and 3' adapter sequences permit 
homologous recombination of a desired sequence into a selected site in the host genome. These 
adapter sequences are homologous to (i.e., able to homologously recombine witli) their respective 
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target regions in trie host genome. The adapter sequence is homologous to a pre-selected target site 
in the genome with which homologous recombination is to occur. It contains at least 20 (e.g., at 
least 50 or 100) contiguous nucleotides from the region of the target gene. By "homologous" is 
meant that the targeting sequence is identical or sufficiently similar to its genomic target site so that 
5 the targeting sequence and target site can undergo site-specific recombination. A small percentage 
of base pair mismatches is acceptable, as long as homologous recombination can occur at a useful 
frequency. To facilitate homologous recombination, the adapter sequence is preferably at least 
about 20 (e.g., 50, 100, 250, 40O, or 1,000) base pairs ("bp") long. 

A circular DNA construct can employ a single adapter sequence, or two or more separate 

lO adapter sequences. A linear DNA construct may contain two or more separate targeting sequences. 

The target site to which a given targeting sequence is homologous can reside within an exon and/or 
intron of the target gene, upstream of and immediately adjacent to the target gene coding region, or 
upstream of and at a distance from the target gene coding region. 

The use of homologous recombination to insert an inducible promoter to the regulatory 

15 region of an endogenous gene may encompass the expression of a gene which is normally silent in 
the cell. The use of homologous recombination may also cause the increased expression level of 
the endogenous gene, or may change the regulation pattern of a gene. 
II. Cell Transfection 

As described above, the traditional methods utilizing expression vectors require multiple 

20 transfections. In particular, the expression vector is inserted into one aliquot of cells of a sample 
while one or more control vectors are inserted into additional aliquots of the sample. This method is 
undesirable because transfection and expression efficiencies may vary significantly from sample to 
sample. 

The methods of the present invention do not require the transfection of additional controls. 

25 Once cells have been transfected with the inducible vector construct a steady state measurement 
maybe obtained by assaying the cells in the absence of inducer. An activated state measurement 
may be made by assaying the cells in the presence of inducer and the modulation capability of a 
compound may be measured by assaying the cells in an activated state in the presence of the 
compound. Correspondingly, a steady state measurement in the presence of compound may be 

30 made following that activated state by assaying the cells once the inducer has been removed. 

However, one skilled in the art would recognize that careful selection may be necessary to achieve 
determination the desired concentration of inducer for induction during development of the assay. 
For example, a bulk transfection may be performed and individual cells selected to determine 
inducibility by measuring the target expression, either by RT-P CR/Northern blotting, western 

35 blotting, observation of a phenotypic change, or preferably all of the above. Clones with the 
desired expression levels are then selected, isolated and cultured to be assayed against possible 
modulatory compounds. 
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The recipient cell may be any in which, the target is not endogenously active or has low or 
negligible activity, is able to grow from low densities, and is amenable to mass culture- 
Additional ly, when secondary modification of the translated target is desirable such as 
glycosylation, the cell must be able to perform any such secondary modification. In addition, the 
5 desired recipient cell should have the appropriate signaling mechanisms for the target to initiate a 
phenotypic change that may be measured. For example, if the target is a GPCR, the desired cell 
would preferably have intact adenylyl cyclase and calcium signaling pathways. A number of 
recipient cells may be utilized with the present invention such as for example CHO, CHO-IC1, 
HEK293, COS, Vero, RBL, SH-SY5Y, and U20S cells. 

lO One factor to consider when determining whether a cell is appropriate for transfection is its 

endogenous expression of the target sequence. Activity may be measured using a variety of 
techniques such as RT-PCR, Northern analysis, and array hybridization. Suitable hosts would be 
those that do not have the target sequence or express it in a low level. Tvlore specifically, if a target 
cannot be detected by RT-PCR, it is highly unlikely that it will mediate a signaling event and 

15 therefore the cells would be desirable recipients. 

Selection of clonal cell lines may be performed by growing cells from low densities and 
isolating colonies that desirably express the target sequence. 2vIore preferably the recipient cells are 
grown from single cell colonies. Recipient cells may be chosen by their ability to grow in culture to 
high density. In large preparations a high concentration of cells may be required. In this 

20 configuration non-adherent cells may be grown in spinner flasks and adherent cells may be grown 
in roller bottles. 

Transfection may be performed by a variety of methods that allow vector insertion into a 
cell such as for example calcium phosphate and electroporation (Sambrook al., iVlolecular 
Cloning A Laboratory Manual, 1987). 

25 Transfected cells may be selected from those that do not express a selecting sequence by a 

variety of methods. Typically, when the construct comprises a selection sequence encoding 
resistance to a selective agent, positive cells are selected by the addition of the corresponding 
selective agent. Alternatively, optical assays may be used to select positive colonies when the 
inducible cassette comprises a reporter gene such as luciferase. In addition transfected cells may be 

30 selected using fluorescent activated cell sorting (FACS). Following selection cells are plated and 
grown to multicellular colonies. 

Plates containing multicellular colonies are further passed into daughter plates such that 
there are about ten daughters per mother plate. Cells are then selected by RT-PCR and/or 
immunoblot analysis and target dependent responses. 
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HI. Selection of Cells by Target-Dependent Responses 

After transfection and selection of stable cell lines containing tbe inducible vector, the cells 
are tested for inducible expression of the desired mRNA. For example, upon transfection of the 
vector illustrated in Figure 1 to CHO cells as described in Example 2, and subsequent selection for 
5 the presence of the plasmid, putative positive cells were tested for induction of ICC3STC1 noRlSFA 
expression after addition of the inducer molecule, tetracycline, following the method described in 
Example 3. KCNC1 rnRJSTA was amplified by RT-PCR using primers specific for the KCNC 1 gene 
as described in Example 3, then separated by agarose gel electrophoresis (Figure 2). The PCR 
products of several clones (#7, 13, 22) were found to express the KC2SFC1 niRNA when induced. 

lO Furthermore, the inducible production of the target protein should be ensured. Using the 

above-described system as an example, the tetracycline- inducibility of the KCNC1 protein was 
determined using an immunoassay according to the method described in Example 2. Briefly, a 
primary antibody that recognizes the ICCISTCl protein was added to the assay well. After a brief 
wash, the secondary antibody, conjugated to horseradish peroxidase to allow for color development, 

1 5 was added to the well. Upon development of the immunoassay, the tetracycline- induced well was 
darker than the control well (Figure 3), indicating the presence of the KCNC1 protein. One of skill 
in the art will appreciate that the inducibility of any target sequence useful for the present invention 
can be determined in a similar manner. 

Positive cells are then tested for target- dependent responses by measuring the appropriate 

20 response in both the absence and presence of the inducer in order to identify those cells expressing 
a functional target sequence. 

Figure 4 demonstrates the use of a cell containing an inducible target as described herein 
for screening for molecules that modulate its activity. In this example, fluorescent dyes are used to 
assay for changes in membrane potential, essentially as described in Example 4. CHO cells 

25 induced to produce the KLCNC1 target polypeptide are subsequently able to show a response (i.e. a 
change in fluorescence intensity of the indicator dye) when the modulator KC1 is added. 

The addition of the KCNC1 inhibitor aminopyridine to the induced cells lessened the 
response to ICC1 addition (Figure 5). BaCl 2j a KL+ channel inhibitor, also ameliorated the response 
to ICC1 addition (Figure 6). 

30 Target- dependent responses may also be measured or observed by secondary effects that 

demonstrate the expression of the target sequence such as by measuring changes in cellular 
adhesion and may vary depending on the target sequence. 

Expression of a G-protein coupled receptor at high levels generally causes activation of a 
functional response (Wess e/ al. y J. Pharmacol. Tker. 80:231-264, 1998; Choi et aL, J JVeurosci 

35 Methods. 94:217-25, 2O00). Consequently, when the target sequence comprises a G-protein 
coupled receptor coupled to Gi, an assay that measures a decrease in cellular cyclic A1VCP ("cAJVEP") 
levels is desired. When the GPCR is coupled to Gs and is constitutively active and inducibly 
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expressed, an assay that measures increases in cAJVIP levels is desired. Furthermore, when the 
GPCR is coupled to a Gq family G-protein, is constitutively active and inducibly expressed, an 
assay that measures intracellular calcium levels may he desired. Examples of techniques to 
measure cAJVlP levels are competitive binding assays (the Biotrak enzyme immunoassay (Wallac, 
5 Piscataway, NJ)) or a Fluorescence polarization assay (l^TEIST Life Science Products, Boston, 
MA)(Post et al., Methods Mol. Biol. 126:363-74, 2000). 

Intercellular calcium levels may be detected by commercially available dyes such as Fura, 
Fluo or Indo (Molecular Probes, Eugene, OR). Xhese dyes bind to calcium and cause a shift in the 
absorbance of the dye (Palmer et al., Am. J. Physiol. 279, C1278, 2000; Collet et al., J. Physiol. 
10 520: 417-429, 1999; Aleth. Molec. Biol. 114 ? (David Lambert, ed. Humana Press), 1999; 376). 

Detecting a dye may be performed by flow cytometric analysis such as for example at 356/478 nm 
for indo- 1 . 

When cAJVIP levels are assayed at least four daughter plates containing the construct may 
be used to test at least four conditions. The first plate is utilized as a control comprising transfected 

15 cells in which endogenous cAJVIP levels are measured. The second plate is utilized as a positive 
control and contains an agent, such as Forskolin, able to elevate endogenous cAMP levels. 
Preferably, the c AJVfP level is elevated to about 80% of maximum. This is determined by running a 
concentration range and monitoring the resulting cAJVIP levels. Maximum is the concentration at 
which the curve reaches a plateau. The third plate comprises an inducer able to induce transcription 

20 of the target sequence, and the cAJVIP level is monitored over time. The fourth includes the inducer 
and the test compounds. When the maximum induction of the target construct occurs, cAJVIP levels 
may be measured over time and may continue until returning to steady state. Recordings are made 
documenting the elevation or depression of cAJVTP in response to target induction in order to 
determine the optimum amount of inducer for each induction procedure. Cells that show changes in 

25 the level of cAJVIP greater than about three standard deviations of the population average following 
induction are sorted into multiwell plates and grown to multicellular colonies. 

When calcium levels are assayed, two conditions are preferable. The first comprises 
transfected cells absent inducer, and the second comprises adding an inducer and measuring 
calcium levels by detecting the fluorescent properties of the calcium sensitive-dye over time using a 

30 fl u or o meter. Cells that show changes in the level of calcium dependent fluorescence greater than 
about three standard deviations of the population average following induction are sorted into 
multiwell plates and grown to multicellular colonies. 

Induction of an ion channel target will generally increase the number of channels in the cell 
membrane and result in a change in membrane potential. Therefore, when Hie target is an ion 

35 channel, the assay preferably measures a change in membrane potential. Fluorescent dyes such as 
DIBAC (Molecular Probes, Eugene, OR) may detect changes in membrane potential (Epps et al., 
Ch&m. Phys. Lipids 69:137-150 1994; Waggoner, J. M&mbr. Biol. 27:317-34, 1976). 
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When the target sequence is a nuclear hormone receptor or transcription factor, the direct 
phenotypic readout may he assayed by expression of an endogenous mar leer gene (Davis D.L. and 
Burch JJB., Mol. Endocrinol. 10:937-44, 1996) or by using a promoter-reporter construct (Martinez 
E. et al., EMBO J. 6:3119-17, 1987). The promoter-reporter construct may be any reporter sequence 
5 that is operably linked to a promoter and an enhancer sequence that is responsive to the receptor or 
transcription factor, such that when the promoter is active, the reporter verifies translation of the 
construct. For example lucif erase may be linked to the HSV thymidine kinase minimal promoter 
and an estrogen response element. Briefly, when the promoter is activated by binding of the 
estrogen receptor to the response element, the enzymatic activity of luciferase in cell extracts may 

10 be detected upon addition of a suitable luciferase substrate (such as Luc-Lite, Packard Bioscience, 
Jvleriden, CT.) by measurement of the light emitted. 

Because receptors for growth factors, angiogenesis factors, or cytokines are known to 
couple through specific intracellular pathways to activate gene expression, the promoter-reporter 
strategy may also be useful in measuring activity. Growth factor or angiogenesis factor receptor 

15 activation may be measured either by autophosphorylation (Smaill J.B. et al., J. Afed. Chem. 

4A:A29-A-0, 2001), or by promoter-reporter constructs (Ghezzo F. et al., J. Biol. Chem. 263:4758-63, 
1988). Cytokine receptor activation may be measured by phosphorylation of STAT proteins 
(Sp lotto 1VX.T. and Chung T.D., Prostate 42:88-98, 20OO) or by STAT reporter constructs (Gaemers 
LC. etal.,J. Biol. Chem. 276:6191-9, 2001). 

20 When the target sequence encodes a transporter, changes in intracellular pH may be 

measured to determine activity. Ion transporters such as proton pumps or anion transporters where 
hydrogen ions are accumulated within the cell, lead to a change in pH. For example, changes in 
activity of the sodium/hydrogen exchanger would alter the intracellular proton concentration. The 
activity of the sodium/hydrogen exchanger is coupled with the activity of other cation exchangers 

25 and thus intracellular pH is an indication of the activity of all cation exchangers. Intracellular pH 
may be measured by the detection of added dyes such as SNARF (Molecular Probes, Eugene, OR) 
that change their optical properties in response to changes in pH. Dyes such as S1NLAJRJF may be 
measured using flow cyomtetric anaylsis (Burchiel S.W. et al., Methods 21:221-30, 2000, van Erp 
P.E. et al., Cytometry 12:127-32, 1991). 

30 When the target sequence encodes a protein that induces apoptosis such as by stimulation 

of the Fas receptor, different markers representing different points within the chain of cellular 
events may be measured such as activation of caspases (Smolewski P. et ah, Cytometry 44: 73-82, 
2001), display of cell surface markers, intracellular acidification, calcium mobilization, and changes 
in permeability. Dyes that change their optical properties in response to cellular pFL calcium, and 

35 membrane permeability such as SNARF (van Hooijdonk C.A. et al., Cell JProlif. 30:351-363, 1997), 
FTJTLA (Palmer B.IVL and Moore R.L., Am. J. Physiol. 279 :C 1278 2000), and propidium iodide 
(Eray M. et al., J. Cytometry 43:134-142, 20O1) may be used to detect activation. Preferably, the 
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dyes fluoresce at different detectable wavelengths so that multiple independent measurements may 
be made simultaneously and detected using a flow cytometer or plate reader. 

IV. Testing Compounds for the Ability to Modulate the Activity of an Induced Target 

Sequence Gene Product. 

5 Once cells that selectively express the target sequence have been identified and the desired 

inducing conditions have been determined, cells are grown and assayed to determine the effects of 
potential modulatory compounds. Testing for modulation of the expressed target sequence occurs 
prior to induction and after induction. Testing may also occur once induction has ceased and the 
cell is allowed to return to its "steady state." Differences in the measurements between the "steady 

10 state" and "activated state" in the presence and absence of these compounds allows one to 
determine whether modulation has occurred. 

A "steady state" measurement is taken prior to induction. The "steady state" measurement 
comprises cells transfected with inducible construct in the presence or absence of a potential 
modulator molecule compound. The concentration of the test cells in the assay are generally from 

15 about 1 x 10 5 cells/mL to about 2 x 10 6 cells/mL. However, depending on the cell lines selected, 
one skilled in the art would recognize that the choice of inducible constructs and assays may require 
routine optimization. 

Cells may be plated into multiwell plates and inducer added. Potential modulatory 
compounds may be added at the time expression commences. Control wells within the plate may 

20 receive either no inducer or compound, or inducer with no compound. The data may be analyzed to 
determine whether any of the compounds tested cause a signal deviation greater than about 3 
standard deviations from the control wells that receive only inducer. During testing the control 
wells are monitored to ensure that the target is expressed and functionally active. Compounds 
identified as having activity may be tested against non-induced cells in a second identical assay 

25 excluding inducer to ensure that their effects are target related, rather than having an affect on basal 
activity. 

The inducer is added at a concentration that produces a measurable change in the 
expression of the target by testing for target- dependent responses. The target sequence is verified 
by methods previously described. In addition the concentration of inducer will depend on the cell 

30 line, the assay, and the construct as previously described. 

" Activated state" measurements are compared to "steady state" measurements to determine 
whether the potential modulator molecule has modulated the expressed target sequence. For 
example, modulation of a G-protein coupled receptor may be demonstrated by a change in c AMP or 
cellular calcium levels during activation. 

35 Compounds that test positive are then assayed to determine their effects on the induction 

mechanism to identify false positives. One method to identify false positives is to test the 
compounds on a control cell line. The control cell line is preferably of the same cell type as the test 
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cell line and may comprise a reporter gene such as luciferase in place of the target sequence. If" the 
reporter gene is inhibited luciferase will not be detected and it is likely that the compound is 
affecting the induction process and not the expressed target. When this occurs, the compound is no 
longer considered as a potential modulator molecule under the current test conditions. 
5 In addition positive compounds may be tested against a family of proteins to determine 

their specificity for a particular member protein in that family. For example, Clozapine is known to 
inhibit E>4 and 5HT2A/C receptors. In this configuration multiple constructs may be created where 
each expresses a G-protein coupled receptor and each transfected into a different cell. 

The present invention may also be used to further define or study a biological pathway such 

lO as for example an enzymatic cascade pathway. More specifically one could place a regulatory 
kinase such as MAP kinase under inducible control. Induction of the kinase to high levels may 
activate the MAP kinase cascade. Alternatively, one may engineer many signaling molecules to be 
'dominant negative* e.g. 'kinase dead' mutants where key catalytic residues of the enzyme are 
mutated, or isolated DNA binding domains of transcription factors. Inducible expression of these 

15 mutants may cause loss of function of the signaling pathway and may be useful in target validation 
studies. 

V. A ICit for Identifying Modul atory Molecules 

A kit for identifying modulatory molecules may be any kit comprising a cell line that 
conditionally expresses a target sequence and an inducer able to induce expression of a target. The 
20 kit may further comprise a fluorescent dye able to detect a change in a secondary effect that 
suggests binding of the target to a modulatory molecule, a buffered saline solution, and culture 
media. 

The cell lines may be provided growing in microtitre plates or flasks at 37 C or frozen in 
vials or microtitre plates in liquid nitrogen. If frozen, the cells are thawed and resuspended in 
25 growth media. Standard growth media is provided with the cells and is typically DMEM-*- 10% 
FCS. The membrane-potential sensitive dye is prepared as a stock solution in DMSO and is diluted 
in assay media. Preferred assay media is PSS -+- glucose or hybridoma media (Sigma, Saint Louis, 
MO). 

When the target is an ion channel, the cell line may be CHO or HEK293, the fluorescent 
30 dye may be D1BAC, the buffered saline solution may be PBS, and the culture media may be 
DMEM. When the target is a receptor (GPCR, cytokine or nuclear hormone) the cell line may be 
CHO or HEK293, the fluorescent dye may be DIB AC or FURA, the buffered saline solution may 
be PBS, and the culture media may be DMEM. 

The above disclosure generally describes the present invention. A more complete 
35 understanding can be obtained by reference to the following specific examples which are provided 
herein for purposes of illustration only and are not intended to limit the scope of the invention. 
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EXAMPLES 

Example 1 

Insertion of the Mouse Potassium Voltage-Gated Channel KCNC1 Gene Into the pcP:NA4/TOb 
5 Inducible Expression Vector 

Plasmid number 63333 (ATCC, Rockville, TvlD) containing the mouse potassium voltage- 
gated channel KCNC1 cDNA, the mammalian expression vector pcDNA4/TOb (Invitrogen, 
Carlsbad, CA) were commercially obtained. Both were digested with the restriction enzymes ICpnl 
and F>sil (New England Biolabs, Beverly, IMA). The 2 kb KC3STC1 gene fragment and the 
10 pcDNA4/Tob vector were gel purified, ligated and transformed into competent Topi OF' E.coli 
(Invitrogen, Carlsbad, CA). Positive clones were identified by restriction analysis of plasmid DISTA 
and confirmed by DNA sequencing. Plasmid DNA for trans fee tion was prepared with an 
Endotoxin free kit (Qiagen, Valencia, CA). 

Example 2 

15 Transfection of the Inducible Expression Vector Target Construct 

The pcDNA4/Tob/KClNrCl plasmid (Figure 1) was trans fected into T-Rex CHO cells 
(Invitrogen, Carlsbad, CA) by the following procedure. Cells were seeded into a 6-well plate at 
2x1 0 5 cells per well. The next day cells were transfected using FuGene Reagent (Roche, 
Indianapolis, UST). The following morning transfected cells were split 1:10 into a 10 cm plate. 

20 Twenty-four hours later selection in 400 )ig/mL zeocin (Invitrogen, Carlsbad, CA) was initiated, 
and continued for two weeks. Individual colonies of zeocin resistant cells were isolated using 
cloning paper (Scienceware, Pcquannock, jtSTJ) and passaged into a 24 well plate. 

When cells became confluent, the clones were split in triplicate among 24-well plates. To 
identify clones that were able to express ICCNC1, One set of clones was induced to express K.CKTC1 

25 with lO ug/mL tetracycline for 24 hours before cells were processed for immunohis to chemistry. 

An identical set of non-induced clones was also processed for immunohisto chemistry. Clones 
producing the KCNC1 protein were identified using an affinity-purified rabbit antibody to Kv3.1b 
(Sigma, St. Louis, 3VIO), the rat homologue of the mouse KCNC1 (NEB, Ontario, Canada), and a 
secondary goat-anti rabbit antibody conjugated to horseradish peroxidase (NEB, Ontario, Canada). 

30 The assay was developed using TrueBlue Peroxidase Substrate (KPL Inc., Gaithersburg, "MP) 
Clones that expressed KCNC1 in lO0*X> of the cell population when induced and in Q°A> of the cell 
population when not induced were saved and expanded in a third 24-well plate. All clones were 
maintained in zeocin. 

Example 3 

35 Confirmi ng the Induction of the Mouse Potassium Voltage-Gated Channel KCNC1 Gene 

Induction of the KCNC1 gene was confirmed by RT-PCR analysis of mRKA and by 
immimohi st o chemi s try . 
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PCR was used to verify production of KCNC1 mRNA (Figure 2). Two samples each 
containing 2x1 0 4 cells were collected from clones 7, 13, and 22. The first sample was a control 
whereby there was no induction and the second sample was induced with 10 u,g/mL of tetracycline. 
The mRNA was reverse-transcribed into cDNA using SuperScriptH (Invitrogen, Carlsbad, CA). 
5 PCR was performed in a Gene Amp 9600 therm o cycler (Applied Biosy stems, Foster City, CA) 
using a forward primer (5 ' -CCACCAGACGTACCGCTCATC-3 SEQ ED NO. 2) and reverse 
primer (5 'CGGTGCTGGCGATAGGTCATC-3 ', SEQ ID NO. 3) specific for the expressed 
KCNC1 sequence. PCR products were separated on a \.S°/o agarose gel and stained with SYBR 
Gold (Molecular Probes, Eugene, OR). KCNCl induction was detected in induced cells but was 
lO absent in non-induced cells. 

The stable, zeocin-resistant cell lines containing the KCNCl gene were once again tested 
for their ability to produce the KCNCl protein upon induction (Figure 3), following essentially the 
same method as described in Example 2, above. 

Example 4 

15 ]\4 ethod of Screening and Identifying a IVlodulator Molecule for an Ion Channel 

A membrane potential assay demonstrated depolarization of the an induced population of 
cells in comparison to a non- induced cell population upon the addition of potassium chloride in 50 
mlVl steps (Figure 4). A KCNCl positive TREX/CHO clone was plated at 3x1 0 6 cells in replicate 
10 cm tissue culture dishes. After 24 hours one dish was treated with lO u-g/mL deoxycycline to 

20 induce KCNCl expression. After a 24 hour induction period, both induced and uninduced cells 
were harvested with trypsin, counted, and adjusted to equal cell densities in hybridoma media 
(Sigma, St. Louis, JVTO). A solution of 3.3 x 10 s cells and 0.4 U.TVT of each E>isbac51VIe4 and 
Disbac33Vte4 in hybridoma media was stirred in a cuvette in a JY- Fluormax-2 fluorometer (JY, 
Edison NJ). Fluorescence intensity from 540 nm excitation and 690 nm emission was measured 

25 over time. The extracellular potassium chloride level was adjusted to 50 mlVI, lOOmlvi, and 150 
rnTvl with 3 N KC1 at the indicated times. Each cell population was tested in triplicate and the mean 
and standard error (SE) were determined. 

To demonstrate inhibition of KCNCl, the inhibitors 4-aminopyridine (9O0 nlVT) and BaCl 2 
(30 nuVI) were pre-incubated with cells at least 30 minutes prior to addition of membrane potential 

30 dyes and fluorescence measurement. 4-aminopyridine is a known specific inhibitor of Kv3 . 1 b 
(Grissmer et al., A4olec. Pharmacol. 45:1227-1234, 199 A; Kirsch and Drewe, Jour. Gen. Physiol. 
102:797-816, 1993; Grissmer et al. Jour. Biol. Chem. 267:20971-20979, 1992), the human 
homologue of KCNCl . BaCl 2 , another known inhibitor of K + channels (Lopes et al, J Biol. Client. 
276:2444^9-52, 2001; Clarson et al., Placenta 22:328-36, 2001), also results in a less polarized 

35 resting potential and a decreased response to depolarization with KC1, as shown in Figure 6. Pre- 
incubation with 30 mM KC1 had no effect, ruling out the possibility that effects of BaCl 2 resulted 
from simply changing the ionic strength of the extracellular medium (data not shown). Each cell 
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population was tested in triplicate. The mean and SE are shown in the Figure 5 (aminopyridine) 
and Figure 6 (BaCl 2 ). 

Example 5 

Transfection and testing of an inducible expression vector 
5 construct containing a HERO- encoding gene 

The pcDNA4/TOb/HERG plasmid (Figure 7) was transfected into T-REx CHO cells 
(Invitrogen, Carlsbad, CA). Cells were seeded into a 6- well plate at 2x105 cells per well. The next 
day cells were transfected using FuGene Reagent (Roche, Indianapolis, IN). The following 
morning transfected cells were split 1:10 into a 10cm plate. Twenty four hours later selection in 
1 0 400mg/ml zeocin (Invitrogen, Carlsbad, CA) was begun, and continued for two weeks. 

Individual colonies of zeocin resistant cells were isolated using cloning paper 
(Scienceware, Pequannock, NJ) and passaged into a 24- well plate. When cells became confluent 
the clones were split in triplicate among 24- we 11 plates. One set of clones was induced to express 
HERG with 10mg/ml tetracycline for 24 hours before cells were processed for 
15 immunohistocnemistry . An identical set of non-induced clones was also processed for 
immunohistochemistry. HERG expressing clones were identified using an affinity -purified rabbit 
antibody to HERG (Alomone Labs, Jerusalem, Israel). A secondary goat-anti -rabbit antibody 
conjugated to horseradish peroxidase (NEB, Ontario, Canada) was then detected using TrueBlue 
Peroxidase Substrate (ICPL Inc., Gaithersburg, MD) . Clones that expressed HERG in 100% of the 
20 cell population when induced and in 0°/a of the cell population when not induced were saved and 
expanded from the third 24- well plate. All clones were maintained in zeocin selection. 

The HERG positive TREX/CHO clone 5 J was plated at 3X10 6 cells in replicate 10 cm 
tissue culture dishes. After 24 hours one dish was treated with lOmg/ml doxycycline to induce 
HERG expression. After 24 hours induction, both induced and uninduced cells were harvested with 
25 trypsin, counted and adjusted to the same cell density in hybridoma media (Sigma, St. Louis, IvIO). 

A solution of 1X10 5 cells/ml and 0.4 uM each Disbac5TvTe4 and Disbac31vle4 in hybridoma media 
was stirred in a cuvette in a JY-Spex fluorometer. Fluorescence intensity from 540 excitation and 
690 emission was followed over time. The extracellular potassium chloride was adjusted to 
lOOrmVI with 3N KC1 at the indicated time. 25nM pimozide was then added at the indicated time. 
30 Each cell population was tested in triplicate and the mean and SE are shown in Figure 8. 

Example 6 

Construct! on of an Homologous Recombination Vector Constr uct 
The creation of the inducible target gene can be accomplislred by a number of strategies, 
including the use of homologous recombination to replace a specific endogenous regulatory region 
35 of a gene with an inducible regulatory region. In a typical homologous recombination strategy, an 
adaptor fragment is introduced into the genome of recipient cells for insertion of a regulatory region 
upstream of the coding region of the target gene. Specifically, the targeting construct from which 
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this fragment is derived is designed to include a first targeting sequence homologous to sequences 
upstream of the target gene, a selectable marker gene, an inducible regulatory region, and a second 
targeting sequence corresponding to sequences downstream of the first targeting sequence but 
upstream of exon 1 of the target gene. This strategy allows the endogenous promoter of a target 
5 gene to be replaced with an inducible promoter. The resulting homologously recombinant cells can 
be induced to produce an mRJSTA transcript of the target gene. 

For example, a homologous recombination vector containing the inducible promoter and 
the targeting sequences of a given target gene may be constructed by the following method. A 
restriction enzyme digestion of a subcloning vector such as pBS (Stratagene, Inc., La Jolla, Calif.) 
lO containing the genomic DjNFA sequences within 1-5 kb of coding regions of the gene of interest is 
designed (based on the restriction map of the target gene upstream region and data published from 
human genome sequencing) in order to isolate the desired DNA fragments corresponding to 1) an 
upstream homologous recombination target sequence 1 of the given gene, and 2) an upstream 
homologous recombination target sequence 2 of the given gene. The upstream fragments are then 
1 5 sequentially li gated to the plasmid containing the inducible promoter construct, so that the inducible 
promoter construct is between recombination target sequence 1 and 2. Optionally, one or more 
selectable marker genes may be added to the construct. The plasmid is then transformed into 
competent £. coli cells or other cells, including human cell lines, and colonies containing the above 
inserts are analyzed by restriction enzyme analysis to confirm the orientation of the insert. 
20 Example 7 

Method of Screening and Identifying a Modulator Molecule for an Endogenous Ion Channel 
Protein Using a Homologous Recombination Vector Construct 
An inducible promoter and selectable marker are inserted by homologous recombination 
into a human tumor cell line that contains an endogenous copy of KCNC1, and transformed cells 
25 are selected using conventional techniques. 

A membrane potential assay is then conducted using various candidate modulator 
molecules, by repeating the steps of Example 4 for each candidate molecule. 

Example 8 

Replacement of an endogenous promoter so as to obtain 
30 controllable expression of an endogenous gene fCTsTTF receptor! _ 

The activation of the target gene can be accomplished by a number of strategies. In a 
typical strategy, a targeting fragment is introduced into the genome of recipient cells for insertion of 
a regulatory region, optionally including a non-coding exon and a functional, unpaired splice-donor 
site upstream of the coding region of the target gene. Specifically, the targeting construct from 
35 which this fragment is derived is designed to include a first targeting sequence homologous to 
sequences upstream of the target gene, a selectable marker gene, a regulatory region and a second 
targeting sequence corresponding to sequences downstream of the first targeting sequence By this 
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strategy, homologously recombinant cells produce an mRNA precursor in response to modulation 
of the regulatory region which, when translated, will produce the target gene product. 
Advantageously, the post-transcriptional processing of the mRNA precursor and of its protein 
product retains the characteristics of the native cell, unlike heterologously expressed cDlSTAs. 
5 For example, the homologous recombination vector containing the inducible promoter and 

the target sequences of the noncoding region of the gene for the ciliary neurotrophic factor receptor 
(CNTFR), is constructed as follows: 

Constj-uction of CNTFR-OHR_SK_PacjCMVTO vector. pPTJR (Clontech, Palo Alto CA.) 
was digested with -PvuII and li gated with a Not\ linker. The resulting plasmid was then digested 

lO with Not\ and Bcuriitt to drop the pac gene expression cassette. The Noil-Bct7izHI pac cassette was 
li gated into pBlue script SK (Stratagene, San Diego, CA) to generate the plasmid SI<L_Pac. To 
construct the CNTFR-DHR_S K_P ac_CM VTO vector, CMVTO promoter was amplified from 
p cI3K r A4/TO_my c__hisB (Invitrogen, Carlsbad CA) with primers CJVTVTOUB 5'- 
GATCGGATTCGATATACGCGTTGACATTGA'ITAT (SEQ ID NO. 4) and CMVTOLE 5'- 

15 GATCGAATTC GCTTAAGTTTAAACGCTAGAGTCC (SEQ ID NO. 5) and cycling conditions: 
30 cycles of 95 °C 30 sec, 55 °C 30 sec, 72 °C 1 min. PCR product was digested with BanziSL and 
jBcoHI and cloned into SK_Pac to yield SK_Pac_CMVTO. The 3' homologous flan Icing arm was 
generated by digesting SK-6C with Sapl, filling in this site and digesting with JOiol to generate a 
4.3 kJ3 fragment containing some promoter sequences, the transcriptional start site and part of the 

20 first exon, excluding coding sequences. This 4.3 lcB fragment was cloned into SIC_Pac_ClVIVTO 
digested with £coRV and Xliol to yield SIC_Pac_CM VTO-CNTFR3 ' . The 5' homologous 
flanking arm was generated by digesting a 2.5 lcB Noil fragment from SIC-6C and ligating into a 
CIP treated Noil digest of SK_Pac„CMVTO-CNTFR_3 \ Clones were screened for the correct 
orientation by restriction digest analysis. Cloned PCR product and ligation junctions were 

25 confirmed by sequencing. The correct clone was called CN r TFR-DHR_SK_Pac_CMVTO (Tig. 9). 

This plasmid contains the pac gene, under the contr ol of SV40 early promoter and polyadenylation 
signal, for puromycin resistance, and two tetracycline operator 2 (Tet0 2 ) sites within the human 
cytomegalovirus immediate- early (CM V) promoter, for controlling gene expression using 
doxycyline. 

30 Transf&ctiort and Selection of Homologous Recombinant Clones. CNTFR-DHR SK Pac 

CMVTO vector was linearized with JPvul. Linearized DNA was purified and sterilized by 
phenol/chloroform extraction and precipitated using ethanol. Recipient cells were isolated by 
transfecting HBLIOO cells (ATCC, Manassas, VA) with pcDNA6/TR (Invitrogen, Carlsbad, CA) 
using FuGHNE 6 (Roche Diagnostics, Indianapolis, INT) and maintaining in 10u.g/ml Blasticidin 

35 (Invitrogen, Carlsbad, CA) to select for stable clones- A 70-80% confluent culture of recipient 
cells was trypsinized, washed with PBS and resuspended at 1X1 0 7 cells/ml in hypoosmolar 
electroporation buffer (Brinkmann, Westbury, NY.). 400 u\l aliquots were taken and mixed with 10 
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yxg of linearized CNTFR-DHR_SK_Pac_CMVTO. Samples were incubated on ice for 10-15 
minutes, transferred to chilled 4 mm gap electroporation cuvette and electroporated at 
150V/7ms/LV using an EC3VI 830 electroporator (BTX, San Diego, CA). After electroporation, 
cells were immediately incubated on ice for 10-15 minutes and plated in 100 rnrn dish containing 
5 McCoys medium supplemented with 10% Fetal Bovine Serum. Cells were grown at 37°C for 2 
days. On the second day, media was changed to media containing 10 ug/ml Blasticidin (Invitrogen, 
Carlsbad, CA) and 1 U-g/ml Puromycin (Invitrogen, Carlsbad, CA). Puromycin selection was 
maintained for 12-15 days. When cells reached subconfluency, cells were induced with 5 u,g/ml 
doxycycline (Sigma, St. Louis, MO) for 2 days. 

10 Sci-eening and Airalysis of Recombinant Clones vising Fluorescent Activated <Oell Sorting 

(FACS). Cells were washed with PBS and harvested with cell stripper (Cellgro, Herndon VA). 
Cells were pelletted, washed with PBS, resuspended at 2-6X10 6 cells/ml with 200 fig/ml Rabbit IgG 
(R&D Systems, Minneapolis, 1VTN") in PBS blocking solution and incubated for 30 minutes at 4°. 
The primary antibody, a polyclonal goat anti-human CNTFRa (R&D Systems, Minneapolis, 1VTN"), 

15 was added at 2 u.g/ml and incubated for 30 minutes at 4°. Cells were washed three times with 
FACS buffer (PBS without Ca 2+ and Ivlg 24 supplemented with 1 mM EDTA, 25 mlvl HEPES pH 
7.0, 3°A> dialyzed serum). 2 j_ig/ml of secondary antibody, rabbit anti-goat conjugated to Alexa 
Fluor 488 (Ivlolecular Probes, Eugene, OR), was added to the samples and incubated for 30 minutes 
at 4°. Cells were washed three times with FACS buffer. Flow cytometry analysis was performed 

20 on a FACScan (Becton Dickinson, Franklin Lakes, NJ) and FACS was performed on a FACS 
."Vantage (Becton Dickinson, Franklin Lakes, NJ). For analysis and sorting, a region was drawn 
around the live cells of forward scatter vs. side scatterplot and all other plots were gated on this 
region. The negative population, density plots of uninduced samples and induced samples without 
primary antibody, were set on the first log of FL1 (Fig. 10). For sorting, a sort gate was placed on 

25 the top 5°A> of the positive population on the induced samples incubated with primary antibody. The 
sorted positive population was expanded and re-sorted using the same protocol for individual 
clones. 

Example 9 

Method of Screening and Identifying a Modulator Molecule for an Endogenous CISTTF Receptor 
30 Protein Using a Homologous Recombination Vector Construct 

A constitutive or inducible promoter and selectable marker are inserted by homologous 
recombination into a human cell line that contains an endogenous copy of CNTFR, and cells are 
selected for expression of CNTFR according to the above example. 

An assay is then conducted using various candidate modulator molecules, by measuring the 
35 phosphorylation state of the STAT3 protein. Cloned recombinant cells were grown to 
subconfluency. Cells were then serum starved overnight prior to ligand treatment. After serum 
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starvation cells were treated with 100 rig/ml CNTF ligand for 15 minutes. Cells were lysed and 
levels of STAT3 and phosphorylated STAT3 were measured by Western blot (Fig. 11). Anti- 
STAT3 and anti -phosphorylated STAT3 were purchased from Cell Signaling (Beverly, 1V1A). By 
comparison of the phosphorylation levels of the STAT3 protein in cells treated with candidate 
modulator molecules with levels in cells treated with ciliary neurotrophic factor or solvent controls, 
one can identify substances that activate the CNTFR. By conducting the same assay in the presence 
of ciliary neurotrophic factor plus candidate modulator agents, one can detect substances that inhibit 
the CNTFR. 
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1 . A method for identifying compounds that modulate a target protein, comprising: 

providing cells transfected in such a way as to provide a polynucleotide sequence 
5 encoding said target under control of a heterologous inducible promoter; 

inducing the promoter under conditions that provide a detectable change in a 
measurable parameter associated with the cells; 

contacting at least a portion of the cells with a test compound to ascertain whether 
the test compound affects a change in the measurable parameter; and 
1 0 repeating the contacting step with at least one other test compound. 

2. The method of Claim 1, wherein the measurable parameter is a parameter other than 
growth or survival. 

3. The method of Claim 1, wherein the contacting step comprises contacting cells with 
said test compound while the promoter is induced. 

15 4. Tire method of Claim 1, further comprising comparing the value of the measurable 

parameter in uninduced cells with the value of the parameter in induced cells. 

5. The method of Claim 4, wherein the measurable parameter has been selected from 
among a plurality of candidate parameters based on said comparison. 

6. The method of Claim 1, wherein the promoter is induced to a degree that provides a 
20 detectable change in the parameter but not to a degree that lcills the cell. 

7. The method of Claim 1, wherein the promoter is induced by contacting the cell with an 
inducer molecule. 

8. The method of Claim l a wherein the promoter is induced by removal or inhibition of a 
repressor. 

25 9. The method of Claim 1, wherein the target protein affects ion channel activity of tire 

cell. 

10. The method of Claim 9, wherein the target protein is an ion channel protein. 
1 1. The method of Claim 9 a further comprising: 

identifying at least one test compound that modulates the measurable parameter in 

30 the cell; 

providing a second cell line that differs from the first cell line in that the inducible 
promoter controls expression of a reporter instead of polynucleotide encoding target; 
contacting the second cell line with the identified test compound; and 
ascertaining whether the identified test compound affects the expression of the 
3 5 reporter. 

12. The method of Claim 1, wherein said polynucleotide encoding target and said promoter 
have been transfected into a mammalian cell. 
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13. The method of Claim 1, wherein said inducible promoter replaces an endogenous 
promoter and controls the expression of an endogenous polynucleotide encoding target. 

\A. A method for identifying an ion channel modulator molecule comprising the steps of: 
a. obtaining a cell that conditionally expresses an ion channel target; 

5 b. incubating a potential ion channel modulator molecule with said cell; and 

c. determining whether ion flow through said ion channel targets has 

modulated, thereby identifying molecules that modulate said ion channel target. 
15. A method according to claim 14 wherein said cell that conditionally expresses said ion 
channel target has been induced to express said ion channel target: 
10 16. A method according to claim 14 wherein said cell is selected from the group consisting 

ofCHO, CHO-K1, HBIC293, COS, Vero, SH-SY5Y, RBL and U20S. 

17. A method according to claim 14 wherein the step of obtaining a cell that conditionally 
expresses an ion channel target comprises genetically adapting said cell to produce an ion channel 
target. 

15 IS. A method according to claim 17 wherein said cell is genetically adapted by transducing 

or n-ansfecting said cell with an inducible vector comprising an ion channel target. 

19. A method according to Claim 18 wherein said inducible vector comprises an inducible 
cassette wherein said inducible cassette comprises an inducible promoter, an ion channel gene, and 
a gene conferring resistance to a selection agent for selecting transfected cells wherein said 

20 inducible promoter is operably linked to said ion channel gene. 

20. A method according to claim 19 wherein said inducible promoter is selected from the 
group consisting of the heat shock inducible promoter, metallothionin promoter, ecdysone-inducible 
promoter, FKJBP dimerization inducible promoter, Gal4-estrogen receptor fusion protein regulated 
promoter, lac repressor, steroid inducible promoter, streptogramin responsive promoters and 

25 tetracycline regulated promoters. 

21. A method according to claim 18 wherein said inducible vector may be activated to 
express said ion channel target and inactivated to prevent expression of said ion channel target. 

22. A method according to claim 14 wherein said ion channel target is an ion channel 
selected from the group consisting of a sodium ion channel, an epithelial sodium channel, a chloride 

30 ion channel, a voltage-gated chloride ion channel, a potassium ion channel, a voltage-gated 
potassium ion channel, a calcium-activated potassium channel, an inwardly rectifying potassium 
channel, a calcium ion channel, a voltage-gated calcium ion channel, a ligand-gated calcium ion 
channel, a cylic-nucleotide gated ion channel, a hyperpolarization-activated cyclic-nucleotide gated 
channel, a water channel, a gap junction channel, a viral ion channel, an ATP-gated ion channel and 

35 a calcium permeable beta-amyloid peptide channel. 

23. A method for identifying an ion channel modulator molecule, comprising the steps of: 

a. obtaining a cell that conditionally expresses an ion channel target; 
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b. adding an inducer molecule that induces expression of said ion channel 
target in said cell; 

c. measuring membrane potential of said cell; 

d. incubating a potential ion channel modulator molecule with said cell; 
5 e. measuring changes in membrane potential; and 

f. determining whether ion flow through said ion channel targets has been 

modulated, thereby identifying a molecule that modulates said ion channel. 

24. .A method for screening chemical compounds to identify an ion channel modulator 
compound, comprising the steps of: 

lO a. obtaining a cell that conditionally expresses an ion channel target; 

b. adding an inducer molecule that induces expression of said ion channel 
target in said cell; 

c. measuring membrane potential of said cell; 

d. incubating said chemical compounds with said cell; and measuring changes 
15 in membrane potential; 

e. determining whether ion flow through said ion channel targets has been 
modulated, thereby identifying compounds that modulate said ion channel target. 

25. yY method for identifying a membrane receptor modulator molecule comprising: 

a. obtaining a cell that conditionally expresses a target membrane receptor; 

20 b. inducing expression of said target membrane receptor; 

c. measuring a physiological condition of said cell to obtain a first set of data; 

d. incubating a potential membrane receptor modulator molecule with said 

cell; 

e. measuring said physiological condition of said cell to obtain a second set of 
25 data; and 

f. comparing said first set of data with said second set of data to determine 
whether said physiological condition of said cell has been modulated, thereby identifying a 
molecule that modulates said target membrane receptor. 

26. A method according to claim 25 wherein the step of obtaining a cell that conditionally 
30 expresses said membrane receptor comprises: 

a. obtaining a cell that contains an endogenous target membrane receptor 
sequence and an endogenous noncoding sequence; and 

b. inserting an inducible cassette comprising a 5' insertion adapter, a 
regulatory sequence and a 3' insertion adapter within said endogenous noncoding sequence 

35 such that said regulatory sequence is operably linked such that it is able to modulate 

transcription of said target membrane receptor by the presence or absence of a regulator. 
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27. A. method according to claim 26 wherein said regulatory sequence is a non-mammalian 
enhancer sequence or a repressor sequence. 

28. A. method according to claim 27 wherein Said non-mammalian enhancer sequence is a 
herpes virus enhancer or an artificial enhancer. 

5 29. A method according to claim 28 wherein said non-mammalian enhancer sequence is an 

inducible promoter. 

30. A method according to claim 29 wherein said inducible promoter is a herpes virus 
promoter. 

3 1 . A method according to claim 29 wherein said inducible cassette further comprises a 
lO target sequence such that said target sequence is transcribed upon induction of said inducible 
cassette. 

32. A method according to claim 31 wherein said target sequence is selected from the 
group consisting of a G-protein coupled receptor target sequence, a nuclear hormone receptor target 
sequence, a cytokine receptor target sequence, a protein kinase-coupled receptor target sequence a 

1 5 nicotinic acetylcholine receptor target sequence, a ionotropic glutamate receptor target sequence, a 
glycine receptor target sequence, a gamma- am inobutyric acid receptor target sequence, and a 
vanilloid receptor target sequence. 

33. A method according to claim 32 wherein said target sequence is 5HT4. 

34. A method according to claim 27 wherein said repressor sequence is able to bind a zinc 
20 finger protein. 

35. A method according to claim 34 wherein said zinc finger protein comprises a KRAB 

domain. 

36. A method according to claim 26 wherein said regulator is VP 16 or a functional domain 
of VP16. 

25 37. A method according to Claim 25 further comprising transfecting said cell with a 

regulatory expression vector construct comprising a second inducible promoter and a regulator gene 
encoding said regulator operably linked such that induction of said second inducible promoter by an 
exogenous stimulus initiates transcription of said regulator gene. 

38. A method according to claim 3 7 wherein said second inducible promoter is a 
30 tetracycline inducible promoter or an ecdysone- inducible promoter. 

39. A method according to claim 37 wherein said exogenous stimulus is tetracycline, 
ponasterone, dexamethasone, a heavy metal ion or heat. 

40. A method according to claim 25 wherein said step of inducing expression of said target 
membrane receptor is initiated by the presence or absence or a regulator or by the presence or 

35 absence of an inducer. 

41. A method for screening a chemical compound library to identify a G-protein coupled 
receptor modulator molecule, comprising: 
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a. obtaining a cell that conditionally expresses a G-protein coupled receptor; 

b. inducing expression of said G-protein coupled receptor; 

c. measuring a physiological parameter associated with said G-protein 
coupled receptor to obtain a first set of data; 

5 d. incubating a potential modulator of said G-protein coupled receptor with 

said cell; 

e. measuring said physiological parameter to obtain a second set of data; and 

f. comparing said first set of data with said second set of data to determine 
whether said physiological parameter has been modulated, thereby identifying a chemical 

10 compound that modulates a G-protein coupled receptor. 

42. A method according to Claim 4 1 wherein said physiological parameter is selected from 
the group consisting of a cAMP level, a calcium level, and a membrane potential of said cell. 

43. An inducible vector containing an ion channel target having a nucleotide sequence 
shown in SEQ. ID NO.: 1. 

15 44. An inducible expression vector comprising a tetracycline inducible promoter, a 

pcDNA4/TO vector construct and a human HERG potassium channel gene. 

45. An inducible regulatory expression vector construct comprising a subcloning vector, a 
second inducible promoter and a regulator gene. 

46. A eel 3 transduced or transfected with the inducible vector of claim 44. 

20 47. A cell transduced or transfected with the inducible vector according to claim 46 

wherein said cell is a CffO cell and wherein said transduced or transfected cell expresses Tet 
repressor and If ERG potassium ion channel gene. 

48. An ion channel modulator molecule identified by the method according to claim 14. 

49. A membrane receptor modulator molecule identified by the method according to claim 

25 25. 

50. A G-protein coupled receptor modulator molecule identified by the method according 
to claim 41 . 

5 1 . A kit comprising cells that conditionally express an ion channel target, a compound that 
induces expression of the ion channel target, and an indicator compound or system for indicating 
30 ion channel activity of said cells. 

52. A kit comprising cells that conditionally express an ion channel target and a fluorescent 

dye. 
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SEQUENCE LISTING 

<HO> AXICM BIOTECHNOLOGIES, INC. 
BROWN , Steven, J - 
DUNNIMGTON, Daniien, J. 
CLARK, Imran 

<120> IDENTIFICATION OF MODULATORY MOLECULES 
USING INDUCIBLE PROMOTERS 



<13Q> AXIOM - O 1 6VPC 

<140> US 09/965,201 

<141> 2001-09-25 

<160> 5 

<170> FastSEQ for windows Version 4.0 

< 2 1 0 > 3_ 

<211> 6937 

<2 12> DNA 

<2 13> Artificial Sequence 
<220> 

<221> misc_feature 
<222> ( O ) . . . ( O ) 

<223> synthetic oligonucleotide 



<400> a 

gacggatcgg 

ccgcatagtt 

cgagcaaaat 

1 1 aggg 1 1 ag 

gattattgac 

tggagttccg 

cccgcccatt 

attgacgtca 

atcatatgcc 

atgcccagta 

tcgctattac 

actcacgggg 

aaaatcaacg 

gtaggcgtgt 

tccctatcag 

gat cgccat c c 

ctctagcgtt 

gcgcatcgtg 

gctgcccggc 

tgacccgcgt 

gaactattac 

ggaggagctg 

ct at egccag 

caacagcgcc 

gctggagatg 

Ctggcgccgc 

cgcgcggt at 

tctggagact 

aaacggcacc 



gagatctccc 
aagccagtat 
ttadgctaca 
gcgttttgcg 
t agttattaa 
cgttacataa 
gacgtcaata 
atgggtggag 
aagtacgccc 
catgacctta 
catggtgatg 
att.tcr:aagt 
ggactttcca 
acggtgggag 
tgatagagat 
acgctgtttt 
taaacttaag 
at caacgtgg 
acgcggcttg 
gccgacgagt 
cgcaccggca 
gccttctggg 
c a ccgagacg 
gacgacgcgg 
accaagagat 
tggcaaccgc 
gtggcctttg 
cacgagcgct 
caagtgcggt 



gatcccctat 
ctgctccctg 
acaaggcaag 
ctgcttcgcg 
t agtaatcaa 
cttacggtaa 
atgacgtatg 
tatttacggt 
cctattgacg 
tgggactttc 
cggttttggc 
ctccacccca 
aaatgtcgta 
gtctatataa 
cgtcgacgag 
gacctccata 
cttggtaccg 
gcggcacgcg 
cctggctggc 
tcttcttcga 
agcttcactg 
gcatcgacga 
ctgaggaggc 
acgccgacgg 
tggcactcag 
gcatctgggc 
cctccctctt 
t caaccccat 
actaccggga 



ggtcgactct 
cttgtgtgtt 
gcttcaccga 
atgtacgggc 
ttacggggtc 
atggcccgcc 
ttcccataqt 
aaactgccca 
tcaatgacgg 
ctacttggca 
agtacatcaa 
ttgacgtcaa 
acaactccgc 
gcagagctct 
ctcgt ttagt 
gaagacaccg 
cgccgcgatg 
ccaccagacg 
agagccggac 
ccgccacccg 
cccggccgac 
gacggacgtg 
gctggacagc 
ccccggcgac 
tgactcccca 
gctgttcgag 
ct tcatcctg 
cgtgaacaag 
agcagagacg 



cagtacaatc 
ggaggtcgct 
caattgcatg 
cagat atacg 
attagt teat 
tggctgaccg 
aacgecaat a 
cttggcagta 
t aaatggccc 
gtacatctac 
tgggcgtgga 
tgggagtttg 
cccattgacg 
ccctatcagt 
gaaccgtcag 
ggaccgatcc 
ggccaagggg 
taccgctcga 
gcccacagcc 
ggegtctteg 
g tgtgcgggc 
gagccctgct 
tttggcggtg 
tegggegacg 
gatggcegge 
gacccct ac t 
gtc tccat ca 
accgaaatcg 
gagg c ct tec 



tgetc tga tg 
gagtagtgcg 
aagaatctgc 
cgttgacatt 
ageccatata 
cccaacgacc 
gggac 1 1 1 c c 
catcaagtgt 
gectggcatt 
gtat t agt ca 
t ageggtt tg 
t t ttggaacc 
caaatgggcg 
gat agagat c 
atcgcctgga 
agect ccgga 
aegagagega 
cgctgcgcac 
actt cgacta 
ctcacat c c t 
cgctctacga 
gctggatgac 
cgcccttgga 
gegaggaega 
ctggcggctt 
cat cccgct a 
caacct t c tg 
agaaegtt eg 
tcacctacat 



GO 
12 O 
180 
24 0 
3 OO 
3 60 
420 
480 
54 O 

eoo 

660 
720 
7 8 O 
84 O 
900 
960 
1020 
lO 80 
114 O 

12 OO 
12€0 
132 0 

13 80 
144 0 
1500 
156 O 
162 0 
16 80 
1740 
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cgagggcgt c 
caacaaggtg 
cttctacctg 
cttc ctgcgc 
cgtgggcctg 
tatcatcttc 
gataggggca 
catcggcttc 
ccagacgtgg 
tgccatgccg 
taagcagaaa 
tc ccaa t tat 
c c c gc tggcc 

ggtggcgaag 

cgatgagggc 
ct ta.tca.acc 
agaaagccct 
cggcttggc c 
acagtggcgg 
aggatc tgaa 
cagcctcgac 
ccttgacccr 
cgcattgtct 
gggaggattg 

a 99 c gg aaa 9 

taagcgcggc 
cgcccgctcc 
aagctctaaa 
c c a. a- a. a. a a. c t 
ttcgcccttt 
caacac tcaa 
cc tat tggtt 
tgtgtgtcag 
gcatgcatct 
gaagt a tgc a 
ccatcccgcc 
tttttattta 
gaggcttttt 
tcggatctga 
at acgacaag 
cgcgcgcgac 
cttcgtggag 
ggtccaggac 
cgagctgtac 
ggccatgacc 
cggcaactgc 
tt cc accg cc 
gatgatcctc 
tgcagcttat 
tttttcactg 
tataccgtcg 
aaa ttgtt at 
ctggggtgcc 
ccagtcggga 
cggtttgcgt 
tcggctgcgg 

a gggg ataac 

aaaggccgcg 
tcgacgct ca 
ccctggaagc 
cgcctttctc 



tgcgtggtct 
gaattcatca 
gaggtgggcc 
gtcgtccgct 
agggtcctgg 
ctggccctgg 
cagcccaatg 
tggtgggctg 
tctggaatgc 
gtgcctgtca 
ctac caaaga. 
tgtaaatctg 
caggaagaaa 
gccgcgctgg 
ctgcccttta 

ggggsgt acg 

gtcattgcta 
gaggacactg 
ccgctcgagt 
tatgcatacc 
tgtgccttct 
ggaaggtgcc 
gagtaggtgt 
ggaagacaat 
aacca gjc tcgcg 

gggtgtggtg 

tttcgctttc 
tcggggcatc 
tgatt agggt 
gacgttggag 
ccct atct eg 
aaaaaatgag 
ttagggtgtg 
csattagtca 
aagcatgeat 
cctaactccg 
tgeagaggee 

tggaggecta 

teagcaegtg 
gtgaggaact 
gtege eggag 
gacgacttcg 
caggtggtgc 
gccgagtggt 
gagateggeg 
gtgeactteg 
gecttctatg 
cagegegggg 
aatggttaca 
cattctagtt 
acct c t agct 
cege t cacaa 
taatgagtga 
aacctgtcgt 

att ggg c g c t 

egageggtat 
gcaggaaaga 
ttgc tggcgt 
agtcagaggt 
tccctcgtgc 
ecttegggaa 



ggttcacctt 
agaactccct 
taageggect 
tegtgegcat 
gccacacgct 
gagtgetcat 
a cc c c agege 
tggtcaccat 
^ggtgggagc 
tcgtgaacaa 



tegtaaaetc 
ttttagaaat 
cgaacgaaga 
cccgctcggg 
cgtgcccacc 
agtatatgee 
gtggctatta 
etagagggee 
ggtcatcatc 
agttgcc age 
act cccactg 
cattctattc 
agcaggcatg 
ggctctaggg 
gttacgegea 
tt ccct tec t 
cctttagggt 
gatggttcac 
t c caegtt ct 
gtctattctt 
c tgatt t aac 
gaaagt cccc 
gcaaccaggt 
ctcaattagt 
cccagt tccg 
gaggccgcct 
ggcttttgea 
ttgacaatta 
aaaccatggc 
eggtcgagt t 
ccggtgtggt 
cggacaacac 
eggaggt cgt 
age age eg tg 
tggccgagga 
aaaggt tggg 
atetcatget 
aataaagcaa 
g tggtt tgtc 
agagct tggc 
ttccacacaa 
gctaactcac 
gccagctgca 
cttccgcttc 
c agct c act c 
acatgtgagc 
ttt t ccatag 
ggcgaaaccc 
gctctcctgt 
gcgtggcgct 



cgagttcct c 
caat at cat t 
gt cct caaaa 
cctgcgcat c 
c cgt gc cage 
ctttgccacc 
cagcgaacac 
gacgacac t g 
cttgtgtgct 
ttttgggatg 
gcat attccg 
tccacaccac 
t aacagagc a. 
ctgcccccac 
cacccgcgag 
tggtggagga 
gacagaggct 
age ate tggg 
cgcggt t cga 
ac cat caeca 
cat ctgtt gt 
tcctttccta 
tggggggtgg 
ctggggat gc 
ggt at c c cc a 
gcgtgaocgc 
ttct cgccac 
tccgat ttag 
gtagtgggcc 
ttaatagtgg 
ttgatttats 
aaaaatttaa 
aggctcc cca 
gtggaaagtc 
cagcaaccat 
cccatt c tec 
ct gectctga 
aaaagctccc 
at cat eggea 
caagttgacc 
ctggaccgac 
ccgggacgac 
cct ggcctgg 
gtccacgaac 

ggggegggag 
gcaggactga 
ctt eggaate 
ggagttcttc 
tagcatcaca 
caaactcatc 
gtaat catgg 
catacgagcc 
att aat tgcg 
t taa tgaatc 
ctcgctcact 
aaaggcggta 
aaaaggccag 
get ccgcccc 
gacaggacta 
t ccgaccctg 
t tetcaatge 



atgcgtgtcg 
gactttgtgg 
gccgccaagg 
t tcaagctga 
accaacgagt 
at gat c tac t 
acacacttta 
ggctatggag 
ctggctggtg 
tsctactctt 
cggccaccac 
agtac tcaga 
gattccaaac 
at agaccagg 
agat aeggae 
atgagaaagg 
g tgagagtga 
tggacctgea 
acaaaaact c 
t tgagtttaa 
ttgc ccct cc 
at a aa at gag 

ggtggggcag 

ggtgggct ct 
cgcgccctgt 
t acact tgee 
gtt cgccggc 
tget t tacgg 
at cgccc t ga 
actcttgtte 
agggattttg 
cgcgaattaa 
ggcaggcaga 
cccaggc t cc 
agtcccgc cc 
gec cca tggc 
get att ccag 
gggagcttgt 
tag tat a teg 
agtgccgttc 
eggctegggt 
gtgaccc tgt 
gtgtgggtgc 
ttccgggacg 
t t cgccc tgc 
cacgtgc t ac 
gtt ttccggg 
gcccacccca 
aat tt cacaa 
aatgtatctt 
teat age tgt 
ggaagcat aa 
ttgcgctcac 
ggccaacgcg 
gac tege tgc 
at a egg t tat 
caaaaggeca 
cctgacgagc 
taa agat acc 
ccget t accg 
tcacgctgta 



tcttctgccc 
ccat tct ccc 
aegt tct ggg 
cccgccactt 
tec tgc tget 
aegecgagag 
aaaacatccc 
aca tgtat cc 
tgctgaccat 
t age cat ggc 
agctgggatc 
gtgacacatg 
t gaatgggga 
ccctcactcc 
cc tgc tt cct 
atetttgeaa 
ct tgaccagg 
gat atccagc 
at ct cagaag 
acccgctgat 
cccgtgcct t 
gaaattgeat 
gacagcaagg 
a tggctt c t g 

ageggegcat 

agcgccctag 
tt t ccc cgt c 
cacc t cgac c 
tagacggttt 
caaactggaa 
gggatttegg 
ttctgtggaa 
agtatgcaaa 
ccagcaggca 
ctaactccgc 
tgact aa tt t 
aagtagtgag 
at at ccat tt 
gcat agt ata 
cggtgctcac 
tctcccggga 
t cat cage gc 
gcggcctgga 
cct ccgggcc 
gcgacccggc 
gagatttcga 
aege eggctg 
acttgtttat 
ataaagcat t 
atcatgtctg 
t tec tgtgtg 
agtgtaaagc 
tgcccgct tt 
eggggagagg 
geteggt cgt 
ccacagaat c 
gga accg taa 
atcacaaaaa 
aggegtttec 
gat acctgtc 
ggt at etc ag 



1 BOO 

1 B6 O 
192 O 
1980 
2040 
2100 
2160 
2220 
2280 
2340 
24 OO 
2460 
252 O 
2580 
2640 
2V O O 
2760 

2 82 O 
28 8 O 
294 O 
3000 
3060 

3 12 O 
3 18 O 
3240 
3 3 O O 
3 3 SO 
3420 
34 80 
3 540 
3 600 
3660 
3720 
3780 
3 840 

3 900 
3960 
4020 
4080 
4140 

4 2 OO 
4260 
4 3 2 0 

43 80 

44 4 O 
4 5 OO 
4 SGO 
4620 
4680 
4 740 
4 8 OO 
4 8 60 
4 92 O 

4 9 8 O 

5 04 O 
5100 
51SO 
5220 
5280 
5340 
540 O 
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ttcggtgtag 
ccgctgcgcc 
gccactggca 
agagt tcttg 
cgctctgctg 
aaccaccgc t 
aggatctcaa 
ctcacgttaa 



ttaccaatgc 
agttgcctga 
cagtgctgca 
ccagccagcc 
gtctattaat 
cgttgttgcc 
cagctccggt 
ggttagctcc 
catggttatg 
tgtgactggt 
ctcttgcccg 
catcattgga 
cagttcgatg 
cgtttctggg 
acggaaatgt 
ttattgtctc 
tccgcgcBca 



gtcgttcgct 
ttatccggta 
gca.gcca.ctg 
aagtggtggc 
aagccagtta 
ggtagcggtg 
gaagat cct t 
gggat t 1 tgg 
tgaagtttta 
ttaatcagtg 
c t ccc cgtcg 
atgataccgc 
ggaagggccg 
tgttgccggg 
attgctacag 
t ccc a acgat 
ttcggtcctc 
gcagcactgc 
gagt act caa 
gcgtcaatac 
aaacgttctt 
taacccactc 
tgagcaaaaa 
tgaatact ca 
atgagcggat 
tttccccgaa 



ccaagctggg 
actatcgt ct 
gt aacaggat 
ctaactacgg 
ccttcggaaa 
gtttttttgt 
tgatcttttc 
tea tgagatt 
aatcaat eta 
aggcacctat 
tgt agataac 
gagacccacg 
agege agaag 
a agct agagt 
gcatcgtggt 
caaggegagt 
cgatcgttgt 
at aatt ctct 
ccaagt catt 
gggataatac 
eggggegaaa 
gtgcacccaa 
caggaaggca 
tact cttcct 
acat atttga 
aagtgccacc 



ctgtgtgcac 
tgagtccaac 
tagcagagcg 
ctacactaga 
aagagttggt 
ttgcaagcag 
taeggggtet 
atcaaaaagg 
aagtatat at 
ctcagcgatc 
t acgat aegg 
ct caccggct 
tggtcctgea 
aagt agt teg 
gtcacgctcg 
tacatgatcc 
cagaagtaag 
tactgt catg 
ctgagaat ag 
cgcgccacat 
ac tct caagg 
ctgat ct t ca 
aaatgecgea 
ttttcaatat 
a tgt at tt ag 
tgacgt c 



gaaccccccg 
ceggtaagae 
aggtatgt ag 
aggacagtat 
agctct tgat 
cagat t aege 
gaegctcagt 
atcttcacct 
gagtaaac tt 
tgtctatttc 
gagggcttac 
ccagatttat 
actttatccg 
ccagttaata 
tegtt tggta 
cccatgt tgt 
t tggccgcag 
ccat ccgtaa 
tgtatgegge 
age agaactt 
at ct tacege 
gcatct ttta 
aaaaagggaa 
tattgaagca 
aaaaat aaac 



ttcagcccga 
acgact tatc 
gcggtgctac 
t tggtatctg 
ccggcaaaca 
gcagaaaaaa 
ggaacgaaaa 
agatcct ttt 
ggtctgacag 
gttcatccat 
catctggccc 
cagcaataaa 
cctccatcca 
gtttgcgcaa 
tggcttcatt 
gcaaaaaagc 
tgttatcact 
gat gc ttt tc 
gaccgagt tg 
t aa a agt get 
tgttgagatc 
ctttcaccag 
taagggegae 
tt t atcaggg 
aaat aggggt 



5460 
5520 
558 O 
5640 
5 VOO 
5760 
5820 
588 O 
5940 
6000 
6060 
612 O 
6180 
6240 

63 OO 
6360 
6420 

64 BO 
654 O 
660 O 
666 O 
672 O 
6780 
6840 
6900 
693-7 



<210> 2 

<2 lis 2 1 

<212> DMA 

<213> Artificial Sequence 
<220> 

<221> mi sc feature 

<222> (O) . . - { O) 

<223> synthetic oligonucleotide 

<400> 2 

ccaccagacg taccgctcat c 

<210> 3 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

c221> mi s c feature 

<222> (O) . . . (O) 

<223> synthetic oligonucleotide 

<40Q> 3 

cggtgctggc gataggtcat c 



c210> 4 

<211> 3 4 

<212> DKTA 

<213> Artificial Sequence 
<22 O 

<221> misc feature 

<2 22> ( O ) . . . < 0 > 
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<223> synthetic oligonucleotide 

<400> -4 

gatcggattc gatatacgcg ttgacattga ttat 

<210> 5 

<211> 34 

<212> DMA 

<213> Artificial Sequence 
<220 => 

<221> misc fea ture 

<222> ( O ) . , . { O ) / 

<223> synthetic oligonucleotide 

<400> 5 

gatcgaattc gcttaagttt a a. a. eg c t ag a gtcc 



